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(57) Abstract 
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the use thereof as a drug and for treating cancer, are disclosed. 

(57) AhHg& 

L'invcnUon conccme un compost dc formulc g^n^ralc (I). X. Y. Ri ci R2 ^tant difinis dans la description, leur proc^d de preparation, 
leur utilisation comme medicament et leur utilisation destinde aux traitcments anticancdreux. 
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Nouveaux derives amines de 2",3" didesoxyglycosides d'epipodophyllotoxine, 
leur precede de preparation, leur utilisation comme medicament 
et leur utilisation destinee aux traitements anticancereux. 
La presente invention conceme des nouveaux derives d'amino 2",3" 
5 didesoxyglycosides d'epipodophyllotoxine, leur procede de preparation, leur utilisation 
comme medicament et leur utilisation destinee aux traitements anticancereux. 

Parmi les derives issus de lignanes naturels, il existe la classe des 
epipodophylloides, ayant le squelette de base de la podophyllotoxine. Y figurent les 
derives hemisynthetiques tels que TEtoposide ou le Teniposide lesquels sont utilises de 
10 fapon usuelle dans la preparation de medicaments pour le traitement du cancer. Its sont 
consideres conune des produits majeurs dans ce domaine. 

L'Etoposide possede des proprietes antitumorales et permet de trailer en 
particulier le cancer du poumon a petites cellules et le cancer des testicules. 

^inconvenient de ces produits est leur manque d'hydrosolubilite et rencontrent 
IS par consequent des diflicultes au niveau de la formulation et de I'administration. 

L*objet de la presente invention est de montrer que des derives de la 4'-demethyl 
epipodophyllotoxine, possedant en position 4, une substitution de structure 2"- 
desoxyglycoside, permet, par incorporation d*un ou plusieurs azotes, de former des 
composes dont les sels d'addition possedent une solubilite aqueuse permettant de 
20 repondre au probleme et montrent I'activite anticancereuse recherchee. 

Le brevet EP-0 196 618 relate des derives hydrosolubles de 4'-demethyl 
epipodophyllotoxine de formule : 




OH 

25 ou Ri = Me, X] = NH2, NMe2, X2 = OH 
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Le brevet EP-0 415 453 mentionne des derives p-D-altrosides de 4-demelhyl 
epipodophyllotoxine de formule 



ou Ri = Me R2, R3 = OH et NH2 ou F et NH2 de meme que JP 0161, 423. 

D'autres publications mentionnent des derives analogues (Carbohydr. Res. 1990, 
206, 219 ; Chem. Pharm. Bull. 1986, 34, 3733 ; Chem. Pharm. Bull 1986. 34, 3741 ; 
Chem. Lett. 1987, 799). 

Le fait d'utiliser un glycoside ayant une position 2"-desoxy est tout k fait 
particulier. II permet d'obtenir des composes plus lipophiles que les analogues 
hydroxyles et, par consequent, avoir un spectre d'activite antitumoral elargi. Cela leur 
permet d*avoir une meilleure penetration membranaire et de pouvoir atteindre plus 
facilement la cible biologique comme, par exemple, les tumeurs solides peu irriguees. 
En outre, Tavantagc de posseder une fonction amino par exemple en position 3", confere 
une possibilite de salification done d'hydrosolubilite suffisante pour une meilleure 
formulation et une meilleure administration. 
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La presente invention conceme done un compose de formule generale I 




dans laquelle le groupement en 3" N(Ri R2) est en position |J (serie 2-deso)cy D 
Arabino) ou a (serie 2-desoxy D ribo) par rapport au cycle, R] et R2 identiques ou 
differents representent un atome d^hydrogene, un groupe alkyle de Cj a Cg, pouvant 
fonner un cycle, ce cycle pouvant comporter un heteroatome conime un oxygene ou un 
azote, un groupe aminoalkyle en C 1 a C5 ou cyanomethyle. 

X et Y peuvent etre identiques ou difTerents et representent un OH, CH3, CH2- 
NH2, X et Y peuvent cgalement etre lies et constituer un cycle, conune par exemple, un 
2-methyl 1,3 dioxane, formant ainsi un squelette bicyclique osidique de type 4,6- 
ethylidene 3-ainino-2,3-didesoxy-P-D arabino ou ribo-hexo pyranoside. 

Elle conceme egaiement leurs sets d'addition avec des acides mineraux ou 
organiques salifiant le ou les atomes d'azote, en particulier les chlorhydrates. 

D'une maniftre avantageuse, le groupe NR1R2 est un groupement NH2 ou 
N(CH3)2. 

Le groupe NR1R2 peut egaiement etre un groupe amino substitue une ou deux 
fois par un methyl, CH2CN, CH2-CH2-NH2, former un cycle comme la morpholine. 

De maniere avantageuse, les composes de formule generale I seront choisis avec 
un glycoside pour lequel X et Y forment un cycle avec un enchainement 
OCH(CH3)OCH2, tel qu'un 4,6 ethylidene-3-amino-2,3«didesbxy-p.D arabino-hexo 
pyranoside ou bien 4,6 ethylidene-3-amino-2,3-didesoxy-p-D-ribo-hexopyranoside. 
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En particulier, les composes selon Tinvention sont silectionnes panni les 
composes suivants : 

• 4'-Demethyl-4.0(3-amino-4,6-cthylidene-2,3-didesoxy-p-D-arabinohexopyranosyI) 
epipodophyllotoxinc, 

5 • 4'-Demethyl-4-0(3-amino-4,6-ethylidene-2,3-didesoxy-P-D-ribohexopyranosyl) 
epipodophyllotoxine, 

• 4'-Demethyl-4-0(3-dimethyIamino-4,6-ethylidene-23-didesoxy-P-D-arabi 
pyranosyl) epipodophyllotoxine, 

• 4'-DemcthyM-0(3-dimcthylamino-4.6-ithylidene-23-diddsoxy-P-D-riboh 
1 0 pyranosyl) epipodophyllotoxine, 

• 4'-Demethyl-4-0(3-cyanomethylamino-4,6-ethylidene.2,3-didesoxy-p.D-ribohexo- 
pyranosyl) epipodophyllotoxine, 

• 4'-DemethyI-4-0(3-(N-moipholino)-4,6-ethylidene-2,3-didesoxy-p-D-ribohe 
pyranosyl) epipodophyllotoxine, 

15 • 4*-DemethyM-0[3(2-aminoethylamino)-4,6-ethyUdene-2,3-didesoxy-p-D-ribohcxo- 
pyranosyl)] epipodophyllotoxine, 

• 4*-DemethyM-0(3-amino-2,3,6-tridesoxy-P-D-ribohexopyranosyl) 
epipodophyllotoxine, 

• 4*.DemethyI-4-0(3,6-diamino-2,3,6-tridesoxy-p-D-ribohexopyranosyl) 
20 epipodophyllotoxine. 

La presente invention conceme aussi les compositions pharmaceutiques 
comprenant au moins un compose de formule generate I selon I'invention et un excipient 
appropri6. 

Les compositions pharmaceutiques peuvent etre presentees de fa9on adaptee par 
25 I'administration par voie injectable ou par voie orale sous forme de capsule, de gelules, 
de comprimes a la posologie de 1 a 200 mg/m^ par voie injectable et de 5 a 500 mg/m^ 
par voie orale par periode de 24 h. 

Ces derives peuvent ainsi etre administres en clinique humaine pour traiter 
differentes fomies de cancer tels le cancer du poumon a petites cellules, le cancer des 
30 testicules, les tumeurs embryonnaires, les neuroblastomes, le cancer du rein, les 
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lyphomes Hodgkiniens et non Hodgkiniens, les leucemies aigu^s, les cancers 
coiorectaux, les meianomes« les choriocarcinomes placentatres et les adenocarctnomes 
mammaires. 

La prcsente invention est egalement relative aux proccdcs de preparation des 
composes de formule I ainsi que de leurs sels d'addition avec les acides mineraux ou 
organiques pharmaceuliquement acceptables. 

La presente inveniion conceme done les precedes de preparation des composes 
de formule generate I selon T inveniion, dans lesquels on fail reagir un compose de 
formule III ou IV ou V 



O 




10 III IV V 

avec la 4-Demclhyl 4*-ben2yIoxycarbonyI epipodophyllotoxine avec I'etherate de BF3, 
ou le trimethyl silyl trifluoromethanesulforate dans un soivant inerte a basse 
temperature ; 

15 dans la formule III ci IV, le substituanl en position 3 peut etre a ou (J, NR1R2 

peut etre un amino protege par un groupe Z, 

dans la formule V, P reprcsentc un groupe protecieur d'alcool et les produits 
resultants de cette condensation sont deproteges et hydrogenes pour foumir les 
composes de formule I , 
20 les amines primaires en position 3 du glycosyl sont meihylces par le formol et le 

cyanoborohydrurc de sodium. 

LMntermediaire de formule IV est prepare en faisant reagir un melange de 
diaceioxy azido glycoside VI 

AcO 

.0 



25 




VI 
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avec ie chlorure de tertbutyl dimethylsilyl en presence d'imidazole, en ce que Ton separe 
les produits resultant de cette reaction, en ce que chacun de ces produits sont deacetyles, 
cyclises en 4,6-cthylidenc avec I'acetal de Tacetaldehyde en milieu acide catalytique. 

D*autres caracterisliques du precede selon Tinvention apparaltroni a la lumiere 
de la description qui suit, noianuncnt du procede de synthese reporte sur Ie schema 1. 



SCHEMA 1 




R.T. 

CtI3CII(OEt)2 

Ac Camphorsulfpnaquc 

ou Arrs 

CIIJCN 
R.T. 




C1I2CIZ 
2) 0FX£i2O 

▼ DMEPT 4*02 
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DMEPT 



112 OPd lOV. 
AcOEuNEl3 

R.T. 




10 



DMEPT 
4%Oll 



I ) IICIIO 
NaDII3CN 
ClUCIZ 

R.T. 



2)110: McOH 
C112CI2 




Mc,N 



11 



DM CP 
4*^11 



McOli 

McONa 

U.T. 



Oil 

r * cii3cii(OEt)2 r 

12 CII3CN N. lO 



ll3ClI(0£t)2 
CII3CN 
A ccamphesulfomquc 



TMSOTf 
CI12CI2 
Tahiis 4* 

DMEPT 4'.0£\-O 

^ O " 

eu 

UF3.EI20 

CII2CI2 

-IS» 

DMEPT 4*-OZ 




'^^ 14 DMEPT 

II2 0PJ lOV. 
EtOII-AcOEi 



DMEPT 
4'-OH 




McN DMEPT 

20 
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Elle se fait selon une methodologie d^crite (J. C. Florent et C. Monneret, J. 
Chem. Soc. Chem. Conun. 1987, 1 171 et B. Abbaci, J. C. Florent et C. Monneret, Bull. 
Soc. Chim. Fr. 1989, 667) k partir du glucal I. L'ion azoture est condense pour foumir 
un intermediaire glycosidique 2 dont le OH anomcrique est protege par un groupement 
5 silyl exclusivement en position p selon la technique decrite (C. Kolar ct G. Kneissl 
Angew. Chem. Int. Ed 29, 809 (1990)) pour foumir le melange des 2 azides epimferes : 3 
et 4 separables chromatographiquement a ce stade. Par deacetylation basique en 
presence de methylate de sodium, les diols en position 4, 6 sont obtenus : composes 5 et 
12. Le compose diol azide p 5 est cyclise en ethylidene classiquement a I'aide de I'acetal 
10 de I'acetaldehyde en catalyse acide pour conduire au compose 6 dont I'azide se reduit en 
amine 7 pour etre protegee par tm groupement benzyloxycarbonyle (Z) en compose 8, 
necessaire pour effectuer le couplage avec la demethyl epipodophyllotoxine, elle-meme 
protegee sur son phenol en 4' par un groupe benzyloxycarbonyle. cet intermidiaire sera 
appele DMEPT4'-OZ. Ce couplage s'effectue dans un premier temps par clivage du 
15 silyle protecteur par les ions F" suivi du traitement par I'etherate de BF3 a basse 
temperature dans le meme milieu. La deprotcction des groupements Z par 
hydrogenolyse foumit le compose 10 de formule gcnerale I (NR1R2 = PNH2 ; XY = 
OCH(CH3)OCH2). Le compose 11 de formule gcnerale I (NR1R2 = PNMe2 ; XY «■ 
OCH(CH3)OCH'7) s'obtient par methylation de I'amine primaire pr^cedente par action 
20 du formol et du cyanoborohydrure de sodium. 

L'intermediaire glycosidique azide a 12 suit la meme suite de reaction que son 
dpimfere et foumit de fafon identique le derive de couplage avec la DMEPT4'0Z a partir 
de I'azide 3" a 13, dans ce cas le couplage est effecme plus facilement selon deux 
techniques. 

25 La premiere technique consiste k traiter le derive ribohexopyranoside 13 par le 

trimethyl silyl trifluoromethane sulfonate (TMSOTf) k - 40»C dans du CH2CI2. La 
deuxifeme technique consiste a utiliser I'etherate de BF3 dans le CH2CI2 a - IS'C. 
L'intemiediaire obtenu 14 est alors reduit catalytiquement pour conduire a 15 
correspondant a la formule generate I oCi NR1R2 = aNH2 ct XY - OCH(CH3)OCH2. 

30 La meme methylation que pour le compose PNH2 10. par le formol et le 
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cyanoborohydrure conduit au derive dimethylamino correspondant : fonnule generate I 
(NR1R2 = aNMe2 ; XY = OCH(CH3)OCH2). A partir de Tamine primaire 15, il est 
possible d'alkyler Tazole avec un derive halogene comme riodoacetonitrile dans des 
conditions faiblement basiques avec la triethylamine dans la DMF et conduire au derive 
5 16 de formule generate I ou NR1R2 = aNHCH2CN ; XY = OCH(CH3)OCH2- De la 
meme fa^on, le derive 17 s'obtient en formant le cycle morpholine par cyclisation de 
Tether diiod^ sur le meme intermediaire amine primaire IS. La meme alkylation avec la 
iodoethylamine protegee par un groupement Z sur le compose IS foumit le ddrivd 18 
qui est reduit catalytiquement en 19 derive diamino correspondant k la formule generale 
10 I avec NRi R2 == a-NHCH2CH2NH2 ; XY = OCH(CH3)OCH2. 

Les composes de formule I ou XY ne forme pas un cycle s'obtiennent de la fa^on 
suivante representes sur le schema 2 : 
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SCHEMA 2 



HO 



Oil 

*0 I I TsO I Pyridine 

,OSi— \- 

12 CH2CI2 



OT« 




HO 




NyieO 




O 
1 

DMEPT 



NsN3 
DMF 
R.T. 



Ambcrlitc4IO 
Cll2Ct2-MeOH 



no 




N. 28 DMerr 

' 4'-OZ 



112 cypd 

AcGEt-ElOH 

NEO 



CUc< 



HO 



21 



Nal/ Acetone 



HO 





O 



DMEPT 
EUO-BFS 



CUcO 




* 24 4*-OZ 



N, 23 



22 * 
acmcoa 

Pvridiac 
CH2CQ 



OSi 



Amber1ilc4IO 
CHZCn/McOH 





HO 




NH, 



26 



DMEPT 



DM EFT 

25 * -oi 




I'azide a silyli 12 est tosyle seleclivement avec le chlorure de tosyle dans la pyridine en 
21, le tosylate de I'alcool primaire est ^change en derive iodo 22. A ce stade, I'alcool 

5 secondaire en position 4 est protigi par un chloroacetate pour foumir le 2-desoxysucre 
fonctionnalisi 23 prfit a etre condense avec la DMEPT 4'-0Z dans les conditions 
usuelles avec Tetherate de BF3 dans le chlorure de mdthylene a basse temperature. 
L'intennediaire 24 obtenu, perniet par passage sur la r^sinc amberlite IRA410 trait^e en 
milieu basique de deprotdgcr le groupe chloroacetate en compose 25 et I'hydrogenation 

10 catalytique finale permet en une etate de reduire la fonction azide en amino 3"a, de 
deproteger la fonction Z en position 4' et de riduire le carbone 6" en methyle pour 
foumir le derive 26 correspondant a la formule generale I ou NR1R2 = 3"aNH2 ; X = 
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OH ; Y = CH3. L'intermediaire 24 obtenu precedemment peut reagir avec Hon azotiire 
dans la DMF a temperature ambiante pour foumir le 3"aN3, 6"-N3 comportant un 
azidoacetate sur la position 4" 27, lequel peut se couper en alcool 4" par un traitement 
similaire au precedent : le passage sur resine echangeuse Amberlite IRA 410 pour 
5 foumir le diazidoalcool 28. L'etape de reduction catalytique finale permet d'obtenir le 
derive diamine 29 correspondant h la formule generate I (ou NR1R2 = 3"aNH2 ; X = 
OH ; Y = CH2NH2). Les sels formes k partir des composes azotes sont, par exemple, 
des chlorhydrates et se fomient de fa^on classique en traitant une solution methanolique 
du compose azote par ime solution stoechiometrique par rapport aux sites a salifier 
10 de methanol chlorhydrique prealablement dose. Le chlorhydrate cristaliise peut 
eventuellemenl s'obtenir par precipitation dans le milieu reactionnel par addition d'ether 
ethylique. 

A titre indicatif et pour illustrer les differentes etapes de la synthese mais, de 
fa9on non limitative, les exemples suivants sont donnes. 
15 PXFMPLE 1 

Formule generale I : NRi R2 = PNH2 ; XY = OCH(CH3)OCH2 
4'-Demethyl-4-0(3-amino-2,3-didesoxy-4,6-ethylidene-P-D-arabinohexopyranosyl) 
epipodophyllotoxine (compose 10) 
SiadSLi 

20 Une solution de iri-O-acetyl-D-glucal 1 (50 g ; 1 83 mmol) dans de I'eau (400 ml) 

est chaufTee durant 3 h a 80°C. Le milieu reactioimel est alors refroidi a 20^C avant 
addition d'azoture de sodium (17,9 g ; 275 mmol) et d'acide acetique (38 ml ; 
600 mmol). Apres agitation a temperature ambiante durant 24 h, le milieu est neutralise 
par du NaHC03 (sel). La phase est extraite avec de Tacetate d'ethyle (3 x 500 ml). Les 

25 ph£ises organiques sont rdunies, sechees sur MgS04 puis concentrees sous pression 
reduite. Ceci foumit 51 g de produit brut 2 immediatcment traite comme suit. 
Caracteristiques : CCM : cyclohexane/AcOEt : 1/1 ; Rf = 0,43 

Cl0Hl5N3O6M = 273 
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20 



25 



12 

SiasS&2 

TertbutyIdimethylsilyl-3-azido-2,3-didesoxy-4,6-di-0-acetyl-P-D-arabino- 
hexopyranoside 3 et terbutyldiinethylsilyl-3-azido-2,3-didesoxy-4,6-di-0-acetyl-p-D- 
ribohexopyranoside 4 

A une solution du melange brut 2 (16,1 g ; 58 nimol) obtenu au stade 1 dans du 
dichlorom^thane anhydre (200 ml) prealablement refroidi a O^C, sent ajoutes 
success! vement. sous argon, 6 g d'imidazole (87,8 mmol) et 13,24 g de chlorure de 
tertbutyldimethylsilyle (87,8 mmol). Apres agitation durant IS min & O^C et 19 h a 
20°C, le milieu r^actionnel est versi dans 500 ml H2O. La phase aqueuse est extraite 
par du CH2CI2 (200 ml) puis apres sechage sur MgS04, la phase organique est 
concentree sous pression rdduite et le r^sidu (18,7 g) est chromatographie sur gel de 
silice (cyclohcxanc/AcOEt : 9/1). On isole ainsi 10,7 g de 3 (sirop ; 48 %) et 4,7 g de 4 
(sirop ; 21 %) ; cependant que des fractions intennediaires renfemient un melange de 3 
et4(3,3g; 15%). 



15 Caracteristiques : 



iH RMN 300MHz CDCI3 5 
Derive 3 : 



30 



CCM : cyclohexane/AcOEt : 4/1 
Rf=0.45 

(a]D20 = - 10° (c = 1,4 ; CHCI3) 
SM:m/z405(M+NH4) 
Ci6H29N306SiM = 387 
Rf = 0,52 

[a]D20 = + 10" (c » 1 ; CHCI3) 
SM : m/2 405 (M + NH4)+ 
Ci6H29N306SiM = 387 

0,13 (3H,s, SiCH3) ; 0,14 (3H, s SjCHs) ; 

0,92 (9H, s, tBu) ; 1,72 (IH, m, J2a-1 = 9,5 Hz, 

J2a-2e = 12,5 Hz, J2a-3 = 12.5 Hz,H2a) 

2,05 (3H, s, COCH3) ; 2,15 (3H, s, COCH3) ; 2,25 

(IH. ddd, J2e-1 = 1,5 Hz. J2e-2a = 12.5 Hz, J2e-3 

= 4.5 Hz, H2e) ; 3,55 - 3,62 (2 H, m, H3 et H5) ; 
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4.10 (IH. dd, J6-5 = 2,5 Hz, He); 
4.20 (IH, dd, J6.5 = 6 Hz, J6-6' = >2Hz, He') ; 
4,86 (lH.t, J = 9.5Hz, H4); 
4,86 (IH. dd. Ji.2a = 9.5 Hz. Ji.2e = 1,5 Hz. H]). 
5 Derive 4 : 0. 1 (6H, s. Si(CH3)2) ; 0.88 (9H, s. tBu) ; 

1.64 (IH, ddd, J2a.2e = 14 Hz. J2a.l = 8,5 Hz. 
J2a-3 = 3.5Hz,H2a); 

2,03 (IH, ddd. J2e.2a = 14 Hz, J2e.l = 2 Hz, J2e-3 
= 4Hz,H2e): 

10 2.05 (3H. s, COCH3) ; 2.13 (3H. s, COCH3) ; 

4,05- 4,12 (IH, m. H5) ; 

4,17 - 4,22 (3H, m. H3. He et HgO ; 4.89 (IH. dd. 

J4.5 = 9.5 Hz. J4.3 = 3.5 Hz, H4) ; 

5,02 (IH, dd, Ji.2a= 8.5 Hz. Ji.2e = 2Hz. Hi). 

IS Stade 3 

TertbutyIdiindthylsilyl-3-azido-2.3-did^soxy-p-D-arabino-hexopyranoside S 

A une solution du derive 3 (3 g ; 7.7 mmol) obtenu au stade 2 dans du methanol 
anhydre (40 ml) est ajout^e, sous argon, une solution de methanolate de sodium IM 
(1,9 ml). Apres reaction durant 1 h 30 a 20^C. le milieu reactionnel est ramene a pH » 7 
20 par addition de rdsine H"^ (amberlite IRC 50 S). Le melange reactionnel est filtr^ et le 
filtrat concentre sous pression reduite conduisant & 2.27 g de 5 (97 %). 
Caracteristiques : CCM : cyclohexane/AcOEt : 2/1 ; Rf = 0,36 

[a]D20 = - 26» (c = 1 ; CHCI3) 
SM : m/z 304 (M + H)+ 32 1 (M + NH4)+ 
25 Pf = 70 - 72°C 

Ci2H25N304Si M = 303 

Ssasi&A 

TeTtbutyldimethyIsilyl-3-a2ido-2,3-didesoxy-4,6-0-ethylidene-P-D-arabino- 
hexopyranoside (6) 

30 A ime solution de 5 (0,20 g ; 0.6 mmol) obtenu au stade 3 dans 5 ml 
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d'acetonitrile, on ajoute 0,94 ml (6,6 mmol) du diethylacetal de I'acitaldehyde puis 
15 mg d'acide paratoluenesulfonique (0,08 mmol). Le milieu reactionnel est agite a 
temperature ambiante durant 1 h puis dilue par de I'acetate d'ethyle (20 ml) avant lavage 
par une solution d'hydrogenocarbonate de sodium (pH = 9) (20 ml) puis par de I'eau 
5 (20 ml). La phase organique est sdchee sur MgS04 puis concenttee sous pression 
reduite pour foumir 0,25 g de produit brut. Une purification sur gel de silice 
(cyclohexanc/AcOEt : 95/5) permet d'isoler 0,19 g de 6 pur (86 %). 
Caracteristiques : CCM : cyclohexane/AcOEt : 7/3 ; Rf= 0,89 

[a]D20 = -19»(cl.l.CHCl3) 
10 SM : m/z 347 (M + NH4)+ 

Ci4H27N304SiM = 329 

C H N 

Calcule 51,04 8,26 12,75 

Trouve 51,64 8,43 12,51 

15 Siadfi^ 

Tertbutyldimethylsilyl-3-amino-2,3-did6soxy-4.6-0-ethylidene-p-D-arabino. 
hexopyranoside (7) 

A une solution de 6 (2 g ; 6 mmol) obtenu au stade 4 dans 30 ml d'acetate 
d'ethyle sont ajoutes 50 jil de triethylamine puis 0,5 g de charbon palladie k 10 %. Le 
20 milieu reactionnel est mis sous atmosphere d'hydrogene (pression atmospherique). 
Apres agitation durant 6hk temperature ambiante, le catalyseur est elimine par filtration 
et la phase organique concentree sous pression reduite pour foumir 1,82 g de 7 pur 
(98 %). 

Caracteristiques : CCM : cyclohexane/AcOEt : 1/1 ; Rf = 0,23 

25 Ici]d20 = - 28° (c = 1 ,3 ; CHCI3) 

SM : m/z 304 (M + H)+ 
Ci4H29N04Si M = 303 

TertbutyldimeihylsiIyl-3-aminobenzyloxycarbonyl-2,3-didesoxy-4,6-0-ethylidene-p-D- 
30 arabino-hexopyranoside (8) 
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Lc chlorure de benzyloxycarbonyle (1,12 ml ; 7,88 mmol) est ajoute, sous argon, 
a une solution prealablement refroidie a 0°C de Tacetal 7 (1,82 g ; 6 mmol) obtenu au 
stade 5 dans un melange de dichloromethane (30 ml) et de triethylamine (1,27 ml ; 9,1 
mmol) anhydres. Apres agitation durant 8 h, le milieu reactionnel est verse dans 100 ml 
H2O et la phase aqueuse est extraite par du CH2CI2 (100 ml). La phase organique est 
sechee sur MgS04, concentrce sous pression reduitc et le residu est purifie par 
chromatographie sur gel de silice (cyclohexane/AcOEt : 6/1 et 4/1) afm d'isoler 1,9 g de 
8 (72 %). 

Caracteristiques : CCM : cyclohexane/AcOEt : 1/1 ; Rf « 0,64 

[a]D20 = - 27^ (c - 1.14 ; CHCI3) 
SM:m/z438(M + H)+ 
Pf=102X 

C22H35N06Si M = 437 
C H N 

Calcule 60,38 8,06 3,20 

Trouvc 60,27 8,10 3,29 

Stadg 7 

3-aminoben2yloxycarbonyl-2,3-didesoxy-4,6-0-ethylidene-p-D-arabino- 
hexopyranoside de la 4'-benzyloxycarbonyl-epipodophyllotoxine (9) 

Au Sucre 8 (2,0 g ; 4,37 mmol) obtenu au stade 6 en solution dans du 
dichloromethane anhydre (100 ml) sont ajoutes 5,06 ml de fluorure de tetra- 
butylammonium (solution 1,1 M dans le THF ; 5,5 nunol). Lorsque la disparition totale 
de 8 est constatee par CCM (2 h d'agitation), le milieu reactionnel est refVoidi a - 20**C. 
On additionnc alors successivement la DMEPT 4'-OZ (2,57 g ; 4,8 mmol) puis 8,44 ml 
de BF3.Et20 (68,6 mmol). Apres reaction durant 1 h a - 20**C, le milieu reactionnel est 
verse dans 200 ml d'une solution de NaHC03 saturee (addition de sels de NaHC03) 
(pH = 9). La phase organique est sechee sur MgS04, conceniree sous pression reduite, 
puis le residu brut (6,2 g) est chromatographie sur gel de silice (CH2Cl2/Acetone : 98/2 
puis 97/3) pour foumir 9 (2,1 g ; 54 %). 
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Caracteristiqucs : CCM : CH2Cl2/Acetone : 92/8 ; Rf = 0,61 

[a]D20 = - 74° (c = 1,1 ; CHCI3) 
SM:m/z857(M + NH4)+ 
Pf= 175°C 

C45H45NOi5M = 839 





C 


H 


N 


Calcule 


64,36 


5,40 


1.67 


Trouvc 


64,21 


5,30 


1,58 



A une solution de 9 (0,28 g ; 0,33 minol) dans 20 ml d'ac^tate d'^thyle sont 
ajoutes 30 nl de triethylamine puis 150 mg de charbon palladie a 10 %. Le milieu 
reactionnel est mis sous atmosphere d'hydrogene (pression atmosph^rique). Apris 
agitation durant 1 h 30 i temperature ambiante, le catalyseur est elimine par filtration ct 
la phase organique concentree sous pression reduite puis chromatographiee sur gel de 
silice (CH2Cl2/MeOH : 97/3 puis 95/5) pour foumir 172 mg du compose 10 pur (90 %). 
(Recristallisation dans CH2Cl2/pentane). 

Caracteristiqucs : CCM : CH2Cl2/MeOH : 95/5 ; Rf = 0,3 1 

[alD20 = - 120" (c = 1,05 ; CHCIa) 
SM : m/2 594 (M + Na)+ 610 (M+ K)-»- 
Pf=219''C 
C29H33NOn M-571 





C 


H 


N 


Calculi 


60,94 


5,82 


2.45 


Trouvi 


60,45 


5,78 


2,58 



iH RMN 300 MHz CDCI3 5 1,36 (3H, d, J = 5Hz, CH3-CH) ; 1.51 (IH, m, H2"a) ; 
2,05 (IH, m, H2"e) i 2.88 (IH, m. H3) ; 3.02 (2H, m, H3.. et H4-) ; 3.28 (IH, m. 
J2.1 = 5.2 Hz. H2) ; 3.30 (IH. m. H5") ; 3.57 (IH. t. J = 10 Hz, Hfi-a) ; 3.75 (6H. s. 
OCH3) ; 4,15 (IH. dd, J = 5 Hz, J = 10 Hz. H6"e) ; 4,41 (IH, dd, J = 9 Hz. Hua) ; 4,21 
(IH, t, J = 9 Hz, Hub) ; 4.59 (IH. d, J = 5.2 Hz, Hi) ; 4,75 (IH, q. J = 5 Hz, Hy) ; 4,85 
(IH. dd. J = 9 Hz, J = 2 Hz, Hi") ; 4,94 (IH, d, J = 3,3 Hz, H4) ; 5,98 (IH. d, 
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OCHaO) ; 6.00 (IH, d, OCHbO) ; 6,24 (2H, s, H2 et H60 ; 6,55 (IH, s, Hg) ; 6.75 (IH. 
s. H5). 

Preparation du chlorhvdrate 

A ramine 10 (61 mg ; 0,10 mmol) en solution dans du dichloromethane anhydre 
5 (6 ml) est ajoutee une solution de methanol chlorhydrique 0,098 M (1,09 ml ; 
0,106 mmol). Le milieu reactionnel est agite durant 10 minutes. Lc produit attendu est 
precipite apres addition d'ether (20 ml). On recueille 56 mg (86 %) du chlorhydrate de 
10. 

Caracteristiques : Pf = 230** C 

10 C29H32NOnCl M = 606 

Essai de solubilite : 2.56 mg dans 0,3 mi d*eau 
C = 0,014 M 

FYFlVfPT.K 2 

Formule g^ndrale I (NR1R2 = PNMe2 ; XY = OCH(CH3)OCH2) 
15 4'-Demethyl-4-0(3-dimethylamino-2,3-didcsoxy-4,6-ethylidene-P-D- 
arabinohexopyranosyl) epipodophyllotoxine (Compose 1 1) 

A une solution de 10 (0,19 g ; 0,33 nrniol) dans du dichloromethane anhydre 
(15 ml) sont ajoutes success! vement du formaldehyde (13,5 ^1) et du cyanoborohydrure 
de sodium (85 mg). Apres agitation diuant 45 min a temperature ambiante, ces memes 
20 reactifs sont additionnes et la reaction est poursuivie durant 45 min. Le milieu 
reactionnel est dilue par du CH2CI2 (30 ml) et lave par de Teau (40 ml). La phase 
organique est sechie sur MgS04 et concentree sous pression reduite. Le residu est 
chromatographie siit gel de silice (CH2Cl2/MeOH : 97/3). Ceci foumit 101 mg de 11 
(51 %). 

25 Caracteristiques : CCM : CH2Cl2/MeOH : 95/5 ; Rf = 0,4 

[a]D20 = - 12P (c = 1 ; CHCI3) 
SM : m/z 600 (M + H)-*" 
Pf=270X 

C3iH37NOn M = 599 

30 iHRMN 300 MHz CDCI3 5 1,38 (3H, d, J = 5 Hz, CH3 - CH) ; 1,55 (IH, m, H2"a) ; 
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1.96 (IH. m. H2"a) ; 1,96 (IH, m, H2»e) ; 2.33 (3H. s. CH3 - N) ; 2.91 - 2.82 (IH. m, 
H3) ; 2.91 - 2,82 (IH. m, H^-') ; 3.35 - 3.25 (IH. m. H5") ; 3,38 (IH, t. J4...5.. = 9 Hz, 
J4...3" = 9 Hz, H4") ; 3,58 (IH, t, Jg^a-S" = 10 Hz, J6"a-6"e = 10 Hz, Hg-a) ; 3.75 (3H. 
s, CH3 O) ; 4,16 (IH, dd, J6"e-5" = 5 Hz, J6"e-6"a = 10 Hz, Hg-g) ; 4,21 (IH, t, J9b.9a 
5 = 9 Hz, J9b.3 = 8 Hz, H9b) ; 4,42 (IH, dd, J9a.9b = 9 Hz. 
J9a-3 = 10,5 Hz, Hg^) ; 4,59 (IH, d. J1.2 = 5.2 Hz, Hj) ; 4,74 (IH, q. J = 5 Hz, CH - 
CH3) ; 4,82 (IH, dd. Ji".2"a = 9,5 Hz, Ji...2"e = 2 Hz. Hi") ; 4.95 (IH, d, J4.3 - 3^ 
Hz, H4) ; 5,97 (IH. d, OCHaO) ; 6,00 (IH. d, OCHbO) ; 6.25 (2H, s. H2. et Hff) ; 6,55 
(1H,S.H8);6,76(1H, s. H5). 

10 Preparation du chlorhvdrate 

A ramine 11 (101 mg ; 0,17 mmol) en solution dans du dichloromdthane 
anhydre (7 ml) est ajoutee une solution de methanol chlorhydrique 0.098 M (1,72 ml ; 
0.17 mmol). Le milieu reactionnel est agite durant 10 minutes. Le produit attendu est 
precipite apres addition d'ether (20 ml). On recucille 86 mg (81 %) du chlorhydrate de 

15 11. 

Caracteristiques : Pf = 199''C 

C3iH33NOiiClM = 635 
Essai de solubility : 2,5 mg dans 0,1 ml d'eau 
C = 0,038 M 

20 PyPMPI.E 3 

Formule g^ndrale I : NR1R2 = a-NH2 ; XY = OCH(CH3)OCH2 
4'-D6methyl-4-0-(3-amino-2,3-did&oxy-4,6-ethylidtoeP-D-ribohexopyranosyl) 
dpipodophyllotoxine (compost 19) 

25 Tertbutyldimethylsilyl-3-azido-2,3-didesoxy-p-D ribo hexopyranoside (compost 12) 

De fa^on similaire, au stade 3 de I'exemple 1 , mais en utilisant le compose 4, on 
obtient le compose 12 qui est engage directement dans le stade 2. 
St&dc 2 

Tertbutyldimeihylsilyl-3-azido-2,3-didcsoxy-4,6-0-ethylidene-P-D-ribo hexopyranoside 
30 (13) 
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A une solution de 12 (0,25 g ; 0,8 mmol) obtenu au stadc 1 dans 10 ml 
d'acetonitrile, on ajoute 1,1 ml (8 mmol) du diethylacetal de I'acetaldehyde puis 52 mg 
d'acide camphorsulfonique (0,24 mmol). Le milieu reactionnel est agite a temperature 
ambiante durant 9 h puis dilue par de Tacetate d'ethyle (30 ml) avani lavage par une 
5 solution d'hydrogenocarbonate de sodium (pH = 9) puis par de Teau (30 ml). La phase 
organique est sechee sur MgS04 puis concentree sous pression reduite pour foumir 
0,3 g de produit brut. Une purification sur gel de silice (cyclohexane/AcOEt : 15/1) 
permet d'isoler 0, 1 5 g de 1 3 pur (55 %). 

Caracteristiques : CCM : cyclohexane/AcOEl : 4/1 ; Rf = 0.77 

10 [a]D20 = - 35"* (c = 1.1 CHCI3) 

Ci4H27N304Si M = 329 

3-azido-2,3-didesoxy-4,6-0-ethylidene-P-D-ribo-hexopyranoside de la 4'- 
benzyloxycarbonyl-epipodophyllolixne (compose 14) 

IS lere voie de synthese : 

A un melange de DMEPT 4'-OZ (438 mg ; 0,82 mmol), de 13 (270 mg ; 
0,82 mmol) obtenu au stade 2 et de tamis moleculaire 4 A (1,5 g) dans du 
dichloromethane anhydre (30 ml) refroidi a - 40®C, est ajoute le trimethylsilyl- 
trifluoromethanesulfonate (TMSOTQ (446 jil ; 2,46 mmol). Apres reaction durant 1 h 

20 15 a - 40®C, le milieu reactionnel est neutralise par de la triethylamine (342 \xi), filtre 
puis lave par une solution saturee de NaCl (20 ml). La phase organique est sechee sur 
MgS04, concentree sous pression reduite puis, le residu brut est chromatographic sur 
gel de silice (cyclohcxane/AcOEt : 65/35) pour foumir 14 (260 mg ; 45 %). 
2eme voie de synthese : 

25 A un melange de DMEPT 4'OZ (1,85 g ; 3,46 mmol), de 13 (1,20 g ; 3,64 mmol) 

obtenu au stade 2 dans du dichloromethane anhydre (100 ml) refroidi i * 15®C, est 
ajoute Tetherate de trifluonire de bore (BF3.Et20) (425 nl ; 3,46 mmol). Apres reaction 
durant 2 h a • 15°C, le milieu reactionnel est dilue par 100 ml de CH2CI2 puis, verse 
dans 200 ml d*une solution de NaHC03 satxiree. La phase organique est sechee sur 

30 MgS04, concentree sous pression reduite puis, le residu brut (2,9 g) est 
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chromatographie sur gel de silice (cyclohexane/AcOEt : 65/35) pour foumir 14 (1,19 g ; 
47 %) (recristallisation Et20/hexane). 

Caract^ristiques : CCM : cyclohexane/AcOEt : 6/4 ; Rf = 0,41 

cycIohexane/AcOEt : 65/3 ; Rf = 0,27 
[a]D20 = - 105° (c = 1,05 ; CHCI3) 
SM:m/z749(M + NH4)+ 
Pf = 139"C 

C37H37N30i3M = 731 

Stade4 

3-amino-2,3-diddsoxy-4,6-0-6thylidene-P-D-ribo-hexopyranoside 
d'epipodophyllotixine IS 

A une solution de 14 (110 mg ; 0,15 mmol) obtenu au stade 3 dans un melange 
de 10 ml d'£thanol et de 5 ml d'ac6tate d'ethyle sont ajoutes 20 }il de triethylamine puis 
20 mg de charbon palladia 10 %. Le milieu reactionnel est mis sous atmosphere 
d'hydrog^ne (pression atmospherique). Apzbs agitation durant 2 h a temperature 
ambiante, le catalyseur est elimind par filtration et la phase organique concentree sous 
pression reduite puis chromatographiie sur gel de silice (CH2Cl2/MeOH : 97/3 puis 
95/5) pour foumir 63 mg de 15 pur (72 %). 

Caracteristiques : CCM : CH2Cl2/MeOH : 95/5 ; Rf = 0,39 

[a]D20 = - 1 00" (c = 1 ,05 ; CHCI3) 
SM : m/z 572 (M + 1) 589 (M + NH4)+ 
Pf-217°C 

C29H33NOn M = 571 
iHRMN 300 MHz CDCI3 5 : 1,35 (3H, d, J = 5 Hz, CH3-CH) ; 1,73 (IH, m, H2"a) > 
1.90 (IH, m. H2"e) : 2,83 (IH. m, H3) ; 3.22 (IH, dd. J2.1 = 5,2 Hz. J2.3 = 14 Hz, H2) ; 
3,42 (IH, dd, J4-..3" = 9,5 Hz. J4-.5" = 3,5 Hz, H4..) ; 3,74 (6H, s, OCH3) ; 3,49 - 3,60 
(2H. ra, H3" et He") ; 3,94 - 4,02 (IH. m. H5.O ; 4,10 - 4,20 (2H, m. He" et Hi ib) ; 4.42 
(IH, dd, Jna-3 = 9Hz, Jna-llb = 9,5 Hz. Hua) ; 4,57 (IH. d, J1.2 = 5,2 Hz, Hi) ; 
4.78 (IH, q, J = 5 Hz, H7") ; 4,91 (IH, d, J4.3 = 3,4 Hz, H4) ; 5,38 (IH, dd, Ji".2"e = 2 
Hz, Ji».2"a = 9 Hz, Hp) ; 5,93 (IH, s, OCHaO) ; 5,97 (IH, s, OCHbO) ; 6,25 (2H, s. 
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Hr et HfiO ; 6,51 (IH, s, Hg) ; 6,86 (IH, s, H5). 
Preparation du chlorhvdrate 

A I'amine 15 (50 mg ; 0,087 mmol) obtcnue au stade 4 sont ajoutes 890 nl d'une 
solution de methanol chlorhydrique 0.098 M (0,087 mmol). Apres agitation durant 10 
5 minutes et addition d'ether (10 ml), les cristaux ou chlorhydrate (52 mg, 98 %) sont 
obtenus par filtration. 

Caracteristiques : Pf = 175°C 

C29H34NOnClM = 607 
Essai de solubilite : 2,2 mg dans 0,2 ml d'eau 
10 C-0,02M 

F.XEMPLE4 

Foraiule generale I : NR1R2 = a-NMe2 ; XY = OCH(CH3)OCH2 
4^DimethyM.0(3-N,N.dimethylamino-2,3-did<§soxy-4,6-O-<5thyIid6ne.p.D 
hexopyranosyl) epipodophyllotoxine 20 

15 A vnc solution de 15 (29 mg : 0,05 mmol) obtenu au stade 4 de Texemple 3 dans 

1 ml d'acetonitrile sont ajoutes successivement du fomialdehyde (10,3 |il) et du 
cyanoborohydrure de sodium (12 mg). Apres agitation durant 2 h a temperatioe 
ambiante, le milieu reactionnel est dilue par du CH2CI2 (20 ml) et lave par de Teau 
(20 ml). La phase organique est sechee sur MgS04 et concentree sous pression reduite. 

20 Le residu est remis en reaction dans les memes conditions et apres un traitement 
identique chromatographie sur gel de silice (CH2Cl2/MeOH : 97/3). Cect foumit 
29mgde20(95%). 

Caracteristiques : CCM : CH2Cl2/MeOH : 95/5 ; Rf = 0,5 

Ia]D20 = - 85** (c = 1.06 ; CHCI3) 
25 SM:m/z600(M + H)+ 

Pf = 140°C 

C31H37NO11 M = 599 
1h RMN 300 MHz CDCI3 5 : 1,35 (3H, d, J = 5 Hz) ; 1,55 (IH, m, H2"a) ; 2,20 (IH. 
m, H2"e) ; 2,36 (3H, s, CH3 N) ; 2,62 (IH, m, 2,62, H3") ; 2,85 (IH, m, H3) ; 3,23 (IH, 
30 dd. J2.1 = 5,2 Hz, J2.3 = 14 Hz, H2) ; 3,52 (IH, dd, J4...3 = 3 Hz, J4".3" = 9 Hz. H4") ; 
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3,61 (IH, t, J6"a.6"e = 10 Hz. Je^a-S" = 10 Hz, H6"a) ; 3,75 (3H,s, CH3 O) ; 4,22 - 4,02 
(IH, m, H5") ; 4,22 - 4,02 (IH, m, He^e) ; 4,22 - 4,02 (IH, m, Hgb) ; 4,43 (IH, dd, J9a. 
9b = 9 Hz, JpbO = 10,5 Hz, Hpb) ; 4,62 - 4,57 (IH, m.Ji.2 = 5,2 Hz, H|) ; 4,62 - 4,57 
(3H, m, J = 5 Hz, CH-CHs) , 4,88 (IH, d. J4.3 = 3,4 Hz, H4) ; 5,96 (IH. d, OCHa O) ; 
5 5,98 (IH, d. OCHb O) ; 6,25 (2H. s, H2 et HgO ; 6,52 (IH, s, Hg) ; 6,80 (IH, s, H5). 
Preparation du chlorhydratc 

A Tamine 20 (59 mg ; 0,1 mmol) en solution dans du methanol anhydre (2 ml) 
est ajoutee une solution de methanol chlorhydrique 0,098 M (1 ml ; 0,1 mmol), Le 
milieu reactionnel est agite durant 10 minutes. Le produit attendu est precipite apres 
10 addition d*ether (20 ml). On recueille 33 mg (53 %) de cristaux. 
Caracteristiques : Pf = 1 5 O^^C 

C3iH38NOnClM = 635 

Essai de solubilite : 2,6 mg dans 0,1 ml d'eau 

C = 0,04 M 

15 FXFMPT.K 5 

Formule generale I : NR1R2 = a-NHCH2CN ; XY « OCH(CH3)OCH2 
4'-Demethyl-4-0-(3-cyanomethylamino-2,3-didesoxy-4,6-ethyHdene-P-D-ribo- 
hexopyranosyl) epipodophyllotoxine (Compose 16) 

A une solution de 15 (120 mg ; 0,21 mmol) obtenu au stade 4 de Texemple 3 
20 dans 4 ml de dimethylformamide sont ajoutes 200 jil de triethylamine (1,47 mmol) puis 
100 yxl d'iodoacetonitrile (1,47 mmol). Le milieu reactionnel est agite durant 20 h a 
temperature ambiante puis dilue par de Tacetate d'ethyle (30 mi) avant lavage par de 
Teau (4 x 30 ml). La phase organique est sechee sur MgS04, concentree sous pression 
reduite puis chromatographiee sur gel de silice (CH2Cl2/acetone : 92/8) pour foumir 
25 71 mgde 16 pur (55%), 

Caracteristiques : CCM : CH2Cl2/MeOH : 95/5 ; Rf = 0,25 

[a]D20 = - 86^ (c = 0.80 ; CHCI3) 
SM : m/z 61 1 (M + H)+ 628 (M + NH4)+ 
C3iH34N20n M = 610 
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iH RMN 300 MHz CDCI3 6 : 1,35 (3H, d, J = 5Hz, CH3CH) ; 1,69 (IH, m, J2"a.i = 
9,5 Hz, J2"a-2"e = Hz, J2"a-3 = 3 Hz, Ho"^ ; 1,93 (IH, m, H2"e) ; 2,86 (IH, m. 
H3) ; 3,25 (IH. dd. J2.1 = 5,2 Hz, J2.3 = 14 Hz, H2) ; 3,51 - 3,56 (2H, m, H4" et 
H6"a) ; 3,56 (2H, m, CH2CN) ; 3,76 (6H, s. OCH3) ; 3,88 (IH, m, H5..) ; 4.17 (2H, 
5 t, Ji ia.3 = 8 Hz, Ji la-i lb = 10 Hz, H3" et H] ib) ; 4,14 (IH, dd, J6a".6"b = 10 Hz, 
Vb-S" = 5 Hz. H6"b) ; 4,41 (IH, dd. Ji la-3 = 9 Hz, Jua-i ib = lO Hz. H] la) ; 4.60 
(IH. d, Ji.2 = 5,3 Hz, Hi) ; 4.75 (IH, q, J = 5 Hz. H7") ; 4.90 (IH, d. J4.3 = 3.3 Hz. 
H4) ; 5,17 (IH. dd, J\».2''c "2 Hz, Ji".2"a = 9.5 Hz. Hi") ; 5.99 (IH. s. OCHa©) ; 
6,00 (IH. s. OCHbO) ; 6.25 (2H, s, H2 et Hg.) ; 6,54 (IH, s, Hg) ; 6.79 (IH. s, H5). 

10 FYFMPT F 6 

Fomule generale I : NR1R2 = a-morpholino ; XY = OCH(CH3)OCH2 
4'-Demethyl-4-0-(3-N-morpholino-2,3-didesoxy-4,6-ethylidene-P-D-ribo- 
hexopyranosyl) epipodophyllotoxine (Compose 1 7) 

A line solution de 15 (60 mg ; 0,10 mmol) obtenu au stade 4 de I'exerople 3 dans 

15 2 ml de dimethylformamide sont ajout^s 58 \x\ de triethylamine (0,42 mmol) puis 
512 rag de di-iodoethylether (1,57 mmol). Le milieu reactionnel est agite durant 96 h a 
temperature ambiante et a robscurite puis, dilue par de I'acetate d'ethyle (30 ml) avant 
lavage par de I'eau (4 x 30 ml). La phase organique est sechee sur MgS04, concentree 
sous pression rdduite puis chromatographiee sur gel de silice (CH2Cl2/acetone : 92/8) 

20 pour foumir 46 mg de 17 pur (68 %). 

Caracteristiques : CCM : CH2Cl2/acetone : 92/8 ; Rf = 0,3 1 

[a3D20 = - 98» (c = 1.04 ; CHCI3) 
C33H39NOi2M = 641 
1h RMN 300 MHz CDCI3 5 : 1,33 (3H, d, J = 5Hz, CH3CH) ; 1,55 (IH. m, J2"a-r = 

25 9,5 Hz, J2"a-2"e = 13 Hz, J2"a.3" = 3 Hz, H2"a) ; 2,15 (IH, m, H2"e) ; 2,84-2,90 (5H. 
m, CH2N et H3) ; 2.80 (IH, dd, J^"^" = 3Hz, J3".2"a = 3 Hz, J3".2"e = 3 Hz, H3") ; 
3,23 (IH, dd, J2.1 = 5,2 Hz. J2-3 = 14 Hz, H2) ; 3,48 (IH, t, J6"a-6"b = 12 Hz, J6V5" 
= 12 Hz, H6"a) ; 3,57 (IH, dd. J3"_4" = 3Hz, J4-.5" = 9 Hz, H4") ; 3,66-3,76 (lOH. m, 
OCH3 et OCH2) ; 4,08-4,16 (2H, m, H5" et H6"b) ; 4.20 (IH. t, J] ]a.3 = 8 Hz, Ji u- 

30 iib = 9Hz,Hna);4,43 (IH, dd. Jiib-3 = 9 Hz, Jub-Ha = 9 Hz, Hub) ; 4.57-4.62 
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(2H, m. Hi et H7") ; 4,89 (IH, d. J4.3 = 3,4 Hz, H4) ; 5,20 (IH, dd, Ji".2"e = 2 Hz. 
Jr-2"a * 9,5 Hz. Hi") ; 5,97 (IH, s, OCHaO) ; 6,00 (IH, s, OCHbO) ; 6,25 (2H, s, H2' 
et HfiO ; 6,54 (IH, s, Hs) ; 6,73 (IH, s, H5). 
F.yF.MPLE 7 

5 Formule generale I : NR] R2 = a-NH2(CH2)2NH2 ; XY = OCH(CH3)OCH2 

4'-DemethyI-4-0[3-(2-Aminoethylamino)-2,3-didesoxy-4,6-ethylidene-p-D-ribo- 
hexopyranosyl] epipodophyllotoxine 18 

A une solution de 15 (173 mg ; 0,30 mmol) obtenu au stade 4 de rexemple 3 
dans 10 ml de dimethylfonnamide sont ajoutes de la tridthylamine (127 nl ; 0,91 mmol) 

10 et du N-benzyloxycarbonyI-2-iodoethyl-amine (0,28 g ; 0,91 mmol). Le milieu 
reactionnel est agite durant 5 jours k temperature ambiante puis, dilud par de I'eau 
(30 ml). Apres extraction de I'acetate d'cthyle (30 ml) lavage a I'eau (5 x 20 ml), la phase 
organique est sechee sur MgS04, concentree sous pression rdduite, puis 
chromatographiee sur gel de silice (CH2Cl2/MeOH : 97/3) pour foumir 155 mg de 18 

15 pur (68 %). 

Caracteristiques : CCM : CH2Cl2/MeOH : 95/5 ; Rf = 0,70 

[a]D20 = - 74" (c = 1,17 ; CHCI3) 
SM : m/z 749 (M + H)+ 
C39H44N2O13 M = 748 
20 qui est engage directement dans I'etape suivante de debenzylation : 

A une solution de 18 (0,15 g ; 0,20 mmol) dans un melange d'acctate d'cthyle et 
d'^thanol (10 ml, 1/1) sont ajoutes de la tridthylamine (30 puis du charbon palladie a 
10 % (0,1 g). Le milieu reactionnel est mis sous atmosphere d'hydrogdne (pression 
atmospherique). 

25 Apr^s agitation durant 1 h 30 a temperature ambiante en presence d'hydrogene i 

pression atmospherique, le catalyseur est elimin^ par filtration et la phase organique 
concentree sous pression reduite et chromatographiee sur gel de silice 
(CH2Cl5/MeOH(NH3) : 97/3) pour foumir 107 mg (84 %) de 19. 
Caracteristiques : CCM : CH2Cl2/MeOH(NH3) : 95/5 ; Rf = 0,22 

30 [a]D20 = - 77° (c = 1 ; CHCI3) 
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Pf= 130° C 

C3iH38NOn M = 614 
iH RMN 300 MHz CDCI35 : 1,33 (3H, d. J = 5 Hz) ; 1,55 (IH, m, H2-a) ; 2,15 (IH, m. 
H2"e) ; 2.33 (3H. m, NH2 et NH echangeables) ; 2.84-2.90 (5H, m. CH2-N ct H3) ; 3.20 
5 (1 H. dd, J3..^" = 3 Hz. J3".2"a = 3 Hz. J3".2"e = 3 Hz, H3..) ; 3,23 ( 1 H, dd. H2) ; 3,48 
(IH, t, J6"a.6"b = 12 Hz. J6"a.5" = 12 Hz. Hg-a) ; 3.57 (IH. dd. J4».3" = 3 Hz, J4".5" - 
9 Hz, H4..) : 3.75 (6H, s, OCH3) ; 4,08-4,16 (2H, m, Hs" et Hg-b) ; 4,20 (IH. t, Ji n,.3 
= 8. h Ib-l la = 9 Hz, Hi ib) ; 4,43 (IH, dd, Ji ia.3 = 9 Hz, Ji la.i lb = 9 Hz. Hi la) ; 
4,57-4,62 (2H, m. Hi et H7") ; 4,89 (IH. d, J4.3 = 3,4 Hz. H4) ; 5.20 (IH. dd, Jr.2"e = 
10 2Hz, Ji"-2"a = 9,5 Hz, Hi") ; 5,97 et 6,00 (2H, d, OCH2O) ; 6,25 (2H, s, H2' et Hff) ; 
6,54 (IH, s. Hg) ; 6,73 (IH. s. H5). 
Preparation du chlorhydrate 

A la di-amine 19 (64 mg ; 0,10 nunol) en solution dans du methanol anhydre 
(3 ml) est ajoutee une solution de methanol chlorhydrique 0,098 M (2,13 ml ; 
15 0,21 mmol). Le milieu reactionnel est agite durant 10 minutes. Le produit attendu est 
precipite apres addition d'ether (20 ml). On recueille 50 mg (73 %) du chlorhydrate. 
Caracteristiques : Pf = 170**C 

C31H39N2O11CI2 M = 649 
Essai de solubilite : 2,0 mg dans 0,05 ml d'eau 
20 C = 0,06M 

FXFMPT E 8 

Formule gdnerale I : NRi R2 = a-NH2 ; X = OH ; Y = CH3 

4'-DemithyI-4-0(3-amino-2,3,6-tridesoxyP-D-ribo-hexopyranosyl) epipodophyllotoxine 
(compose 26) 
25 SladfiJ. 

TertbutyIdimethylsilyl-3-a2ido-2,3-didesoxy-6-0-tosyl-P-D-ribo-hexopyranoside 21 

Une solution de chlorure de tosyle (1,55 g ; 8,15 mmol) dans la pyridine (10 ml) 
est ajoutee, goutte k goutte, h tme solution du diol 12 (2,06 g ; 6,79 nmiol) obtenu au 
stade 1 de I'exempte 3 prdalablement refroidie k 0*'C. Apres agitation a la meme 
30 temperature durant 1 h, puis durant 18 h & 20''C, le milieu reactionnel est dilue par du 
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dichloromethane (100 ml). La phase organique est lavee par de Teau (2 x 100 ml), 
sechee sur MgS04 et concentree sous pression reduite. Le residu est purifie sur gel de 
silice (cyclohexane/EtOAc : 8/2). Ceci foumit 2,02 g de 21 (65 %). 
Caracteristiques : CCM : cyclohexane/AcOEt : 2/1 ; Rf = 0,46 

5 SM:m/z475(M + H)+ 

Ci9H3iN306SSiM = 457 

Stade 2 

TertbutyldimcthyIsilyl-3-a2ido-6-iodo-2,3,6-trid6soxy-P-D-ribo-hexopyranoside 22 
Le compose 21 (2,02 g ; 4,42 mmol) obtenu au stade 1 en solution dans 120 ml 
10 d'acetone est chauffe au reflux durant 72 h en presence d'iodure de sodium (2,65 g ; 
17,68 mmol). Apres relroidissement, le milieu reactionnel est concentre sous pression 
reduite (30 ml) puis dilue par du dichloromethane (100 ml). Apres lavage par une 
solution aqueuse de thiosulfate de sodium a 10 %, puis sechage sur MgS04 et 
evaporation sous pression reduite, on obtient un residu qui est purifie sur silice 
15 (cyclohexane/EiOAc : 8/2) foumissant 1,5 g (82 %) de 22. 

Caracteristiques : [a]D20 = - 30*^ (c = 1 ,06 ; CHCI3) 

SM:m/z431 (M + NH4)-*- 
Ci2H24N303lSiM = 413 







C 


H 


N 


20 


Calcule 


34,87 


5,81 


10,17 




Trouve 


35,07 


5.76 


10,25 



TertbutyldimethylsilyI-3-azido-6-iodo-4-0-chloroacetyl-2,3,6-tridesoxy-p-D-ribo- 
hexopyranoside (compose 23). 

25 Du chlonire de chloroacetyle (396 ml ; 5 mmol) est ajout^ a une solution de 22 

(1,03 g ; 2,5 mmol) obtenu au stade precedent dans un melange de dichloromethane 
(20 ml) et de pyridine (404 ^il ; 5 mmol). Apres 1 h d'agitation a - lO^^C, le milieu 
reactionnel est dilue par du CH2CI2 (30 ml) et lave par de I'eau (3 x 20 ml). Un 
traitement habituel, suivi d'une chromatographic sur silice (cyclohexane/EtOAc : 10/1) 

30 livre 1 ,1 g (90 %) de compose 23. 
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Caracteristiques : laJoZO = - 1 4*' (c = 1 ,03 ; CHCI3) 

SM : m/z 507 (M + NH4)+ 
Ci4H25N304ClISi M = 489 







C 


H 


N 


5 


Calcule 


34.35 


5,11 


8,59 




Trouve 


34,69 


5,16 


8,22 



SlsdsA 

4'-Demethyl-4-0(3-a2ido-6-iodo-2.3,6-tridesoxy-p.D ribohexopyranosyl) epipodo- 
phyllotoxine (compose 24) 
10 A un melange dc DMEPT 4'.0Z (1 g ; 1.85 ramol), de 23 (1 g ; 2,04 mmol) du 

stade precedent dans du dichloromethane anhydre (100 ml) refroidi a - IS^'C, est ajoute 
Tetherate de trifluonire de bore (BF3.Et20) (455 |il ; 3,7 mmol). Apres reaction durant 
5 h (- 15°C -> 0°C), le milieu reactionnel est dilue par du CH2CI2 (100 ml) puis, verse 
dans une solution de NaHCOs saturee (200 ml). La phase organique est sechee sur 
15 MgS04, concentree sous pression reduite. Le residu brut est chromatographic sur gel de 
silice (cyclohexane/AcOEt : 7/3) pour foumir 24 (0,8 g ; 48 %). 
Caracteristiques : CCM : cyclohexane/AcOEt : 1/1 ; Rf = 0,58 

[a]D20 = - 85** (c = 1 ,26 ; CHCI3) 
SM : m/z 909 (M + NH4)+ 
20 Pf = HS'^C 

C37H35N30i3ClIM = 891 

4'-DemethyM-0(3-Azido-6-iodo-2,3,6-tridesoxy-p-D ribo-hexopyranosyl)4'-ben2yloxy 
carbonyl epipodophyllotoxine (compose 25) 
25 A une solution de Tazido-glycoside 24 (257 mg ; 0,29 mmol) dans un melange 

CH2Cl2/MeOH (15 ml, 2/1) est ajoutee de la resine OH' (Amberlite IRA 410). Apres 
reaction durant 3 h a 20** C, le milieu reactionnel est filtre puis concentre sous pression 
reduite pour foumir 0,22 g de 25 pur (94 %). 

Caracteristiques : CCM : cyclohexane/AcOEt : 1/1 ; Rf = 0,46 

30 [<x]d20 - 57** (c = 1 ,02 ; CHCI3) 
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SM:m/z833 (M + NH4)-^ 
Pf«115^C 

C35H34N30i2lM = 815 

5 4*-Demeihyl-4-0(3-ainino-2,3,6-tridesoxy-P-D ribohcxopyranosyl) epipodophyllotoxine 
(compose 26) 

A line solution de 25 (0,20 g ; 0,25 mmol) du stade precedent dans 10 ml 
d'acetate d*ethyle sont ajout^s de la triethylamine (100 ^1) puis du charbon palladie a 
10% (0,2 g). Apres agitation durant 30 h & temperature ambiante en presence 
10 d'hydrogene a pression atmospherique, le catalyseur est elimine par filtration et la phase 
organique concentree sous pression reduite puis chromatographiie sur gel de silice 
(CH2Cl2/MeOH : 92/8) pour foumir 50 mg (38 %) de 26. 
Caracteristiques : CCM : CH2Cl2/MeOH : 90/10 ; Rf = 0,33 

[a]D20 = - 90° (c = 0,5 ; CHCI3) 
15 SM : m/z 530 (M + H)+ 

Pf = 140°C 

C27H3iNOioM = 529 

Preparation du chlorhydratc 

A I'amine 26 (70 mg ; 0,14 mmol) precedente en solution dans du methanol 
20 anhydre (6 ml) est ajoutee une solution de methanol chlorhydrique 0,098 M (1,44 ml ; 
0,14 mmol). Le milieu reactionnel est agite durant 10 minutes. Le produit attendu est 
precipite apres addition d'ether (20 ml). On recueille 40 mg (53 %) de chlorhydrate 
cristallis6. 

Caracteristiques : Pf = 164^*0 

25 C27H32NO 1 oCl M = 565 

Essai de solubilite : 2,6 mg dans 0,2 ml d'eau 
C = 0,02 M 

EXEMPLE 9 

Formule generale I : NR1R2 = a-NH2 ; X - OH ; Y = CH2NH2 
30 4*-Demelhyl-4-0-(3,6-diamino-2,3 ,6-tridesoxy-P-D ribohexopyranosyl) epipodo- 
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phyllotixine (compose 29) 
Stade 1 

4'-DemethyM-benzyloxycarbonyl-4-0(3,6-dia2ido-4-a2idoacelyl-2,3,6-trideso^^ 
ribo-hexopyranosyl)epipodophyllotoxine (compose 27) 



10 ml de dimethylformamide est ajoute de razoture de sodium (0,1 g ; 1,5 mmol). Le 
milieu reactiomiel est agite durant 64 h & temperature ambiante, dilue par de Teau 
(30 ml) et de Tacitate d'ethyle (30 ml). La phase organique est lavee par de I'eau (4 x 
20 ml), sechee sur MgS04, concentree sous pression reduite et chromatographiee sur 
10 gel de silicc (cycIohexane/AcOEt : 7/3) pour foumir 0,36 g de 27 (90 %). 

Caracteristiques : CCM : cyclohexane/AcOEt : 6/4 ; Rf- 0,44 



Siad£-2 

4*-Demethyl-4'-benzyloxycarbonyM-0(3,6-diazido-2,3,6-tridesoxy-P-D-ribo- 
hexopyranosyl) epipodophyllotoxine (compose 28) 

A une solution de I'azido-glycoside 27 (70 mg ; 0,08 mmol) dans 3 ml d'un 
20 melange CH2C12/MeOH (2/1, v/v) est ajoutte de la resine OH" (Amberlite IRA 410). 
Apres reaction durant S h a 20*^C, le milieu reactionnel est filtre puis concentre sous 
pression reduite pour foumir 59 mg de 28 pur (94 %). 

Caracteristiques : CCM : cyclohexane/AcOEt : 6/4 ; Rf = 0,25 



5 



A une solution de 24 (0,45 g ; 0,5 1 mmol) obtenu au stade 4 de I'exemple 8 dans 



15 



[a]D20 = . 64^* (c = 1 ; CHCI3) 
SM:m/z831 (M + NH4)+ 
Pf = 120*'C 

C37H35N90i3M=813 



25 



[a]D20 = - 53*^ (c = 1 ,04 ; CHCI3) 
Pf= 125^ C 

C35H34N6Oi2lM = 730 



30 



4'-Demethyl-4-0(3,6-diamino-2,3,6-tridesoxy-P-D-ribo-hexopyranosyl) 
epipodophyllotoxine (compose 29) 

A une solution de 28 (0,1 1 g ; 0,15 mmol) du stade precedent, dans un melange 
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d'acetate d'ithyle ct d'ethanol (10 ml, 1/1) sont ajoutes de la trielhylamine (20 |il) puis 
du charbon palladie a 10 % (70 mg). Apres agitation durant 16 h 4 temperature ambiante 
en presence d'hydrogene a pression atmospherique, le catalyseur est elimine par 
filtration et la phase organique concentree sous pression reduite pour foumir 78 mg 
(95 %) de 29. 

Caracieristiques : CCM : CH2Cl2/MeOH(NH3) : 90/10 ; Rf = 0,06 

C27H32N2O10M-544 

Preparatio n du Dichlorhydrate 

A la di-amine 29 (78 mg ; 0,14 mmol) precedente en solution dans du methanol 
anhydre (2 ml) est ajoutee une solution de methanol chlorhydrique 0,098 M (2,92 ml ; 
0,28 mmol). Le milieu reactionnel est agite durant 10 minutes. Le produit attendu est 
precipite apres addition d'ether (20 ml). On recueille 70 mg (79 %) de dichlorhydrate 
cristallis6. 

Caractcristiques : Pf = 95^C 

C27H34N2O10CI2 M = 616 

Essai de solubiiite : 2,1 mg dans 0,05 ml d'eau 

C = 0,07 M 

Fr^pcrimcntation biolosiqw 
Les molecules ont etc testees en experimentation biologique et ont montre leur 
intiret en tant qu'agent anticancereux dans les tests de la leucemie P 388 in vivo chez la 
souris. Ce test est couramment utilise dans le domaine de la recherche de substances 
anticanc6reuses (Protocols for screening chemical agents and natural products against 
animal tumors and other biological systems, R. Geran, N.H, Greenberg, M.M. 
MacDonald, A.M. Schumacher and B.J. Abbott, Cancer Chemotherapy reports 1972, 3, 
2). 

Cependant, ce modele experimental est extrcmemcnt chimiosensible et de tres 
nombreux composes manifestent une bonne activite ce qui rend ce test peu discriminant. 

Nous avons modifi^ le protocole du test pour le rendre plus selectif. 
L'administration des cellules tumoralcs se fait par voie intraveineuse et non par voie 
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intraperitoneale. Elles se disseminent ainsi par la circulation dans tout rorganisme 
rapidement. L'administration du produit a tester est faite ensuite par voie 
intraperitoneale. Deux parametres sont definis pour mettre en evidence Tactivite des 
composes : 

5 • determination de la dose efficace 50 (DE50) qui represente la dose minimum unique 
du compose a administrer pour obtenir une survie des animaux significative par 
rapport aux animaux temoins non traites ; 
• determination du temps de survie maximum des animaux quelque soit la dose 
administree par injection unique. Le fait de pouvoir administrer une dose importante 
10 du compose et d*observer une survie importante, permet d'obtenir une mesure de 

Tefficacite therapeutique maximale du produit que Ton peut atteindre. 

Origine de la tumeur 
La leucemie P 388 a etc chimiquement induite en 1955 par le 3- 
15 methylcholanthrene sur une souris DBA/2 (Am. J, Pathol. 33, 603. 1957). 

Procedwrc pharmacologiquc 
Les tumeurs sont maintenues par passages hebdomadaires sous forme d'ascite 
dans le peritoine de souris DBA/2 (lignee d'origine) et les experimentations sont 
20 effectuees sur les souris femelles hybrides CDFj (bal b/c femelles XDBA/2 males) de 
20 ± 2 g (Cancer chemother. Rep. 3, 9, 1972). Les cellules tumorales sont implantees 
par voie intraveineuse (106 cellules par souris) au jour 0. Les animaux sont randomises 
et repartis par groupe de 2 pour chaque serie. 

Les substances antitumoraies sont administrees par voie intraperitoneale (ip) un 
25 jour apres Tinoculation des cellules leucemiques (traitement aigu). Les solutions sont 
injectees a raison de 10 ml/kg de souris. Le critere d'evaluation de Tactivite antitumorale 
est la prolongation de la survie des animaux traites. 86 % des souris meurent le 7eme 
jour apres la greffe tumorale. Une substance sera consideree comme active si elle induit 
une survie superieure a 8 jours. 
30 Le tableau suivant permet de mettre en evidence la solubilite aqueuse des 
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produits dc rinveniion, exprimee en mg/ml, Taciivite de ces composes en termc dc 
DE50, dc survie exprimee en jours ou en T/C %, qui represente le rapport enlre la survie 
moyenne du groupe d'animaux traites et la survie moyenne du groupe des animaux 
conirole. 





Solubilite 
aqueuse mg/ml 


P388 
DE50 (mg/kg) 


Survie 
maximum (J) 


T/C % 


Animaux controle avec 
administration iv des 
cellules tumorales 






6-8 
(mediane-7) 




Composes 
Etoposide 


0,01 


10 


19 


271 


Teniposide 


<0,01 


20 


15 


214 


15 


13 


10 


21 


300 


11 


25 


10 


17 


242 


10 


7 


10 


14 


200 


20 


25 


20 


18 


257 



II apparait ainsi que les composes de Tinvenlion ont conserve le niveau d'activitc 
des composes de reference comme TEtoposide ei ont en plus I'avantage d'avoir unc 
solubilite aqueuse avantageuse pour la formulation el Tadministration. 
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REVENPICATIONS 

1) Un compose de fonnule generate I 




OH 

5 » 

dans laquelle le groupcment en 3" N(Ri R2) est en position P (serie 2-desoxy D 
Arabino) ou a (serie 2-desoxy D ribo) par rapport au cycle, Rj et R2 identiques ou 
difTerents representent un atome d*hydrogene, un groupe alkyle de C] Cg, pouvant 
10 former un cycle, ce cycle pouvant comporter un heteroatome comme un oxygene ou un 
azote, un groupe aminoalkyle en a C5 ou cyanomethyle, 

X et Y peuvent etre identiques ou differents et representent un OH, CH3, CH2-NH2, X 
et Y peuvent egalement etre lies et constituer un cycle, comme par exemple, un 2- 
methyl 1,3 dioxane, formant ainsi un squelette bicyclique osidique de type 4,6- 
15 ethylidene 3 amino 2,3 didesoxy glycoside, et ses sels d'addition avec des acides 
mineraux ou organiques, pharmaceutiquement acceptables. 

2) Un compose de formule generate I selon la revendication 1, caracterise en ce 
que le groupe NR1R2 est un groupement NH2 ou N(CH3)2. 

20 

3) Un compose de formule generate I selon la revendication 1, caracterise en ce 
que le groupe NRiRj represente un groupe amino substitue, une ou deux fois par im 
methyl, CHjCN ou un CHj-CHj-NHj. 



4 
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4) Un compose de formule generate I selon Tune des revendications 1 a 3, 
caracterise en ce que X et Y forment un cycle avec un enchainement OCH(CH3)OCH2- 

5) Un compose de formule generate I selon Tune des revendications 1 a 4, 
5 caracterise en ce qu'il est choisi parmi les composes suivants : 

• 4'-Demethyl-4-0(3-amino-4,6-ethylidene-2,3-didesoxy-p-D-arabinohexopyranosyl) 
epipodophy I lotoxine, 

• 4'-'Demethyl-4-0(3-amino-4,6-ethylidene-2,3-didesoxy-P-D-ribohexopyranosyl) 
epipodophyllotoxine, 

10 • 4'-DemethyI-4-0(3-dimethylamino-4,6-^thylidene-2,3-didesoxy-p-D-arabi 
hexopyranosyl) epipodophyllotoxine, 

• 4*-Demethyl-4-0(3-dimethylamino-4,6-ethylidene-2,3-didesoxy-p-D-ribo- 
hexopyranosyl) epipodophyllotoxine, 

• 4'-Demethyl-4-0(3-cyanomethylamino-4,6-ethylidene-2,3-didesoxy-P-D-ribo- 
15 hexopyranosyl) epipodophyllotoxine, 

• 4*-DemethyM-0(3-(N-morphoHno)-4,6-ethylidene-2,3-didesoxy-P-D-ribo- 
hexopyranosyl) epipodophyllotoxine, 

• 4*-Demethyl-4-0[3(2-aminocthylamino)-4,6-ethylidene-2,3-didesoxy-p-D-ribo- 
hexopyranosyl)] epipodophyllotoxine, 

20 • 4*-DemethyU4-0(3-amino-2,3,6-tridesoxy-P-D-ribohexopyranosyl) 
epipodophyllotoxine, 

• 4'-Demethyl-4-0(3,6-diamino-2,3,6-tridesoxy-p-D-ribohexopyranosyl) 
epipodophyllotoxine. 

25 6) Composes selon la revendication 4, caracterises en ce qu'ils se presentent sous 

forme de chlorhydrates. 

7) Procede de preparation d'un compose de formule generate I seion les 
revendications 1 a 4, caracterise en ce que Ton fait reagir un compose de formule III ou 
30 IVouV 
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III 



IV 



avec la 4'-Demethyl 4'-benzyloxycarbonyl epipodophyllotoxine avec retherate de BF3, 
5 ou le trixnethyl silyl trifluoromethancsuiforate dans un solvant incrte a basse 
temperature ; 

dans la formule III et IV, le substituant en position 3 peut eire a ou P, NR|R2 
peut etre un amino protege par un groupe 

dans la formule V, P represente un groupe protecteur d'alcool et les produits 
10 resultants de ccttc condensation sonl dcproteges et hydrogencs pour foumir les 
composes de formule I , 

les amines primaires en position 3 du glycosyl sont meihylees par le formol et le 
cyanoborohydrure de sodium. 

15 8) Proccdc de preparation d'un compose de fomiule IV caracierise en ce que Ton 

fait reagtr un melange de diacetoxy azido glycoside VI 



AcO 




VI 



20 avec le chlorure de tertbutyl dimethyls! lyl en presence d'imidazole, en cc que Ton separe 
les produits resultant de cette reaction, en ce que chacun de ces produits sont deacetyles. 
cyclises en 4,6-ethylidene avec Tacetal de Tacetaldehyde en milieu acide catalyiique. 



25 



9) A titre de medicament les composes de fomiulc I scion les rcvendications 1 a 

6. 
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10) Les compositions pharmaceutiques caracterisees en ce qu'eiles contiennent 
au moins un compose de formule I selon Tune des revendications 1 a 6 et un excipient 
approprie. 

11) Utilisation d'un compose de formule I, selon Tune des revendications 1 a 4, 
pour la preparation d*un medicament destine au traitement anticancereux et, en 
particulier, pour traiter les formes de cancer, comme par exemple, le cancer du poumon 
a petites cellules, le cancer des testicules, les tumeurs embryonnaires, les neuro- 
blastomes, le cancer du rein, les choriocarcinomes placentaires, les ad^nocarcinomes 
mammaires, les cancers colorectaux, les melanomes, les lymphomes Hodgkiniens et non 
Hodgkiniens et les leucemies aiguSs. 
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Novel amine derivatives of epipodophyllo toxin 
2"^ 3"-dideoxyglycosides, preparation method therefor 
and use thereof as a drug and for anticaoicer treatments 

The present invention relates to novel amino 
derivatives of epipodophyllo toxin 2 " , 3 " -dideoxyglyco- 
sides, the method for preparing them, their use as a drug 
and their use for anticancer treatments . 

The class of epipodophylloids , having the basic 
podophyllo toxin backbone, is among the derivatives 
derived from natural lignans. Among them are the semi- 
synthetic derivatives such as Etoposide or Teniposide 
which are customarily used in the preparation of drugs 
for the treatment of cancer. They are considered as major 
products in this field. 

Etoposide has antitumor properties and makes it 
possible to treat, in particular, small cell lung cancer 
and cancer of the testicles. 

The disadvantage of these products is their lack 
of solubility in water and they consequently encounter 
difficulties in terms of formulation and administration. 

The object of the present invention is to show 
that 4 ' -demethylepipodophyllotoxin derivatives posses- 
sing, at the 4-position, a substitution of the 2"-deoxy- 
glycoside structure, makes it possible, by the incor- 
poration of one or more nitrogens, to form compounds 
whose addition salts possess aqueous solubility making it 
possible to address the problem and show the desired 
anticancer activity. 

Patent EP-0,196,618 describes water-soluble 
derivatives of 4 ' -demethylepipodophyllotoxin of formula: 



- 2 - 




OB 



where = Me, = NHj, NMe2, = OH 

Patent EP-0, 415,453 mentions P-D-altroside 
derivatives of 4 ' -demethylepipodophyllotoxin of formula 




OH 



where = Me R3 = OH and NHj or F and NH2 as well as 

5 JP 0,161,423. 

Other publications mention similar derivatives 
(Carbohydr. Res. 1990, 206, 219; Chem, Pharm. Bull. 1986, 
34, 3733; Chem. Pharm. Bull 1986, 34, 3741; Chem. Lett. 
1987, 799) . 

10 The fact that a glycoside having a 2"-deoxy 

position is used is quite special. It makes it possible 
to obtain compounds which are more lipophilic than 
hydroxylated analogs and, consequently, to have . a 
broadened antitumor activity spectrum. This allows them 

15 to have better membrane penetration and to be able more 
easily to reach the biological target such as, for 
example, solid tumors which are not highly irrigated. In 
- V addition, the advantage of having an amino functional 



10 



15 
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group, for example, in the 3 "-position confers a possi- 
bility of salification and therefore of water-solubility 
which is sufficient for a better formulation and a better 
administration. 

The present invention therefore relates to a 
compound of general formula I 




OM* 



OH 

I 



in which the group in 3" N(RiR2) is in the p-position 
(2-deoxy-D-Arabino series) or a-position (2-deoxy-D-ribo 
series) in relation to the ring, and Rj which are 

identical or different, represent a hydrogen atom, a 
to Cg alkyl group, capable of forming a ring, it being 
possible for this ring to contain a heteroatom such as 
oxygen or nitrogen, a to Cg aminoalkyl group or a 

cyanomethyl group. 

X and Y may be identical or different and repre- 
sent OH, CH3, CH2-NH2, X and Y may also be linked and may 
constitute a ring, such as for example a 2-methyl-l , 3 - 
dioxane, thus forming a bicyclic glycoside backbone of 

the 4, 6-ethylidene-3-amino-2,3-dideoxy-p-D-arabino- or 
20 -ribo-hexo pyranoside. 

It also relates to their addition salts with 
inorganic or organic acids salifying the nitrogen 
atom(s), in particular the hydrochlorides. 

Advantageously, the NR1R2 group is an NH2 or 
25 N(CH3)2 group. 

The NR^Rj group may also be an amino group sub- 
- stituted once or twice with a methyl, CHjCN, CH2-CH2-NH2, 



to form a ring such as morpholine . 

Advantageously, the compounds of general formula 

I are chosen with a glycoside for which X and Y form a 

ring with an OCH(CH3)OCH2 linkage, such as 4,6-ethyli- 

dene-3-ainino-2, 3-dideoxy-P-D-arabino-hexopyranoside or 

4, 6-ethylidene-3-amino-2, 3~dideoxy-P-D-ribo-hexopyrano- 
side . 

In particular, the compounds according to the 
invention are selected from the following compounds: 

4 ' -demethyl-4-0 (3-amino-4, 6-ethylidene-2 , 3 -dideoxy- 
P-D-arabinohexopyranosyl) epipodophyllotoxin, 
4 ' -demethyl-4-0 {3-amino-4, 6-ethylidene-2 , 3-dideoxy- 
P-D-ribohexopyranosyl ) epipodophyllotoxin, 
4 ' -demethyl-4-0 (3-dimethylamino-4 , 6-ethylidene-2 , 3- 
dideoxy-p-D-arabinohexopyranosyl ) epipodophyllotoxin, 
4 ' -demethyl-4-0 {3-dimethylamino-4 , 6-ethylidene-2 , 3- 
dideoxy-P-D-ribohexopyranosyl ) epipodophyllotoxin, 
4 ' -demethyl-4-0 (3-cyanomethylamino-4 , 6-ethylidene- 
2 , 3 -dideoxy-p-D-ribohexopyranosyl ) epipodophyllo- 
toxin, 

4 '-demethyl-4-0 (3- (N-morpholino) -4, 6-ethylidene-2 , 3- 
dideoxy-p-D-ribohexopyranosyl ) epipodophyllotoxin, 
4 '-demethyl-4-0 [3 {2-aminoethylamino) -4 , 6-ethylidene- 
2 , 3 -dideoxy-p-D-ribohexopyranosyl) ] epipodophyllo- 
toxin, 

4 ' -demethyl-4-0 ( 3 -amino-2 , 3 , 6-trideoxy-P-D-ribohexo- 
pyranosyl) epipodophyllotoxin, 

4 ' -demethyl-4-0 (3 , 6 -di amino -2 , 3 , 6 - tr id.eoxy-p-D- 

ribohexopyranosyl ) epipodophyllotoxin . 

The present invention also relates to the pharma- 
ceutical compositions comprising at least one compound of 
general formula I according to the invention and an 
appropriate excipient . 

The pharmaceutical compositions may be provided 
in an appropriate manner by administration by the 
injectable route or by the oral route in the form of a 
capsule, gelatin capsules or tablets at the dosage of 1 
to 200 mg/m^ by the injectable route and of 5 to 
500 mg/m^ by the oral route per period of 24 h. 



These derivatives can thus be administered in 
human clinical medicine to treat various forms of cancer 
such as small cell lung cancer, cancer of the testicles, 
embryonic tumors, neuroblastomas, kidney cancer, 
Hodgkin's and non-Hodgkin' s lymphomas, acute leukemias, 
colorectal cancers, melanomas, placental choriocarcinomas 
and mammary adenocarcinomas. 

The present invention also relates to the methods 
for preparing the compounds of formula I as well as their 
addition salts with pharmaceutically acceptable inorganic 
or organic acids. 

The present invention therefore relates to the 
methods for preparing the compounds of general formula I 
according to the invention, in which a compound of 
formula III or IV or V 

iti 

is reacted with 4 ' -demethyl-4 ' -benzyloxycarbonylepipodo- 
phyllotoxin with BF3 etherate, or trimethylsilyl tri- 
fluoromethanesulf orate in an inert solvent at low 
temperature ; 

in formula III and IV, the substituent at the 
3 -position may be a or P, NR3^R2 may be an amino protected 
with a group Z, 

in formula V, P represents an alcohol-protecting 
group and the resulting products of this condensation are 
deprotected and hydrogenated to give the compounds of 
formula I, 

the primary amines in the 3 -position of the 
glycosyl are methylated with formalin and sodium cyano- 
borohydride . 

The intermediate of formula IV is prepared by 
reacting a mixture of diacetoxyazidoglycoside VI 



3" ' '* 
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with tert-butyldimethylsilyl chloride in the presence of 
imidazole, in that the products resulting from this 
reaction are separated, in that each of these products 
are deacetylated, cyclized to 4 , 6~ethylidene with 
5 acetaldehyde acetal in a catalytic acid medium. 

Other characteristics of the process according to 
the invention will emerge in the light of the following 
description, in particular of the method of synthesis 
reported in Scheme 1 . 
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DMEPT 
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It is carried out according to a methodology 
which has been described (J. C. Florent and C. Monneret, 
J. Chem- Soc. Chem. Comm. 1987, 1171 and B. Abbaci, 
J. C. Florent and C. Monneret, Bull. Soc. Chim. Fr. 1989, 
667) from glucal 1. The azide ion is condensed to give a 
glycoside intermediate 2 whose anomeric OH is protected 
with a silyl group exclusively in the p-position accord- 
ing to the technique which has been described (C. Kolar 
and G. Kneissl Angew. Chem, Int. Ed 29, 809 (1990)) to 
give the mixture of 2 epimeric azides: 3 and 4 which can 
be chroma tographically separated at this stage. By basic 
deacetylation in the presence of sodium methoxide, the 
diols at the 4,6-position are obtained: compounds 5 and 
12. The P azide diol compound 5 is cyclized to ethylidene 
conventionally with the aid of acetaldehyde acetal using 
acid catalysis to give the compound 6 whose azide is 
reduced to an amine 7 so as to be protected with a 
benzyloxycarbonyl group (Z) in compound 8, which is 
necessary to carry out the coupling with demethylepipodo- 
phyllotoxin, itself protected on its phenol in 4' with a 
benzyloxycarbonyl group, this intermediate will be called 
DMEPT4'-OZ. This coupling is carried out, in a first 
instance, by cleaving the protective silyl with F" ions, 
followed by treatment with BF3 etherate at low tempera- 
ture in the same medium. Deprotection of the Z groups by 
hydrogeno lysis provides compound 10 of general formula I 
(NR1R2 = PNH2; XY = OCH(CH3)OCH2) . Compound 11 of general 
formula I (NR1R2 = pNMe2; XY = OCH ( CH3 ) OCH2 ) is obtained 
by methylation of the preceding primary amine by the 
action of formalin and sodium cyanoborohydride . 

The a azide glycoside intermediate 12 follows the 
same sequence of reactions as its epimer and provides, in 
an identical manner, the derivative from the coupling 
with DMEPT4'0Z starting with the a 3" azide 13; in this 
case, the coupling is carried out more easily by two 
techniques . 

The first technique consists in treating the 
ribohexopyranoside derivative 13 with trimethylsilyl 
trif luoromethanesulf onate (TMSOTf) at -40°C in CH2CI2 . 
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The second technique consists in using BF3 etherate in 
CH2CI2 at -15«>C. The intermediate obtained 14 is then 
catalytically reduced to give 15 corresponding to the 
general formula I where NR^Rj = CXNH2 and 
XY = OCH{CH3)OCH2. The same methylation as for the PNH2 
compound 10, using formalin and cyanoborohydride, leads 
to the corresponding dimethylamino derivative: general 
formula I (NR1R2 = aNMe2; XY = OCH (CH3 ) OCH2 ) . Using the 
primary amine 15, it is possible to alkylate the nitrogen 
with a halogenated derivative such as iodoacetoni trile 
under weakly basic conditions with triethylamine in DMF 
and give the derivative 16 of general formula I where 
NR1R2 = aNHCH2CN; XY = OCH (CH3 ) OCH2 . In the same manner, 
the derivative 17 is obtained by fonning the morphpline 
ring by cyclization of the diiodinated ether on the same 
primary amine intermediate 15. The same alkylation with 
the iodoethylamine protected by a group Z on compound 15 
gives the derivative 18 which is catalytically reduced to 
19, a diamine derivative corresponding to the general 
formula I with NR3^R2 = aNHCH2CH2NH2; XY = OCH {CH3 ) OCH2 . 

The compounds of formula I where XY does not form 
a ring are obtained in the following manner represented 
in Scheme 2 : 
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The silylated a azide 12 is selectively tosylated with 
tosyl chloride in pyridine to 21, the tosylate of the 
primary alcohol is exchanged to an iodo derivative 22. At 
this stage, the secondary alcohol in the 4-position is 
protected by a chloroacetate to give the f unctionalized 
2-deoxysugar 23 ready to be condensed with DMEPT 4 ' -OZ 
under the customary conditions with BF3 etherate in 
methylene chloride at low temperature. The intermediate 
24 obtained makes it possible, by passing over the 
amberlite IRA410 resin treated in a basic medium, to 
deprotect the chloroacetate group into compound 25 and 
final catalytic hydrogenation makes it possible, in one 
step, to reduce the azide functional group to an a 3 " 
amino, to deprotect the Z functional group at the 4'- 
position and to reduce the 6" carbon to methyl in order 
to provide the derivative 2 6 corresponding to the general 
formula I where NRjlR2 = 3" a NH2; X = OK; Y = CH3 , The 
intermediate 24 obtained above can react with the azide 
ion in DMF at room temperature to give 3"aN3, 6"-N3 
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containing an azidoacetate at the 4 "-position 27, which 
can be cut into a 4" alcohol by a treatment similar to 
the preceding one: passage over Amberlite IRA 410 
exchange resin to give the diazidoalcohol 28. The final 
catalytic reduction step makes it possible to obtain the 
diamine derivative 29 corresponding to the general 
formula I (where NR1R2 = S^ONHj; X = OH; Y = CH2NH2) . The 
salts formed from the nitrogenous compounds are, for 
example, hydrochlorides and are conventionally formed by 
treating a methanolic solution of the nitrogenous 
compound with a stoichiometric, in relation to the sites 
to be salified, solution of hydrochloric methanol 
previously prepared. The crystallized hydrochloride can 
be optionally obtained by precipitation in the reaction 
medium by addition of ethyl ether. 

The following examples are given as a guide and 
to illustrate the various steps of the synthesis, but 
with no limitation being implied. 
EXAMPLE 1 

General formula I: NR^Rj = PNH2; XY = OCH(CH3)OCH2 
4 ' -Demethyl-4-0 (3-amino-2 , 3-dideoxy-4, 6-ethylidene-P-D- 
arabinohexopyranosyl) epipodophyllo toxin (compound 10) 
Step 1 

A solution of tri-O-acetyl-D-glucal 1 (50 g; 
183 mmol) in water (400 ml) is heated for 3 h at SO^C. 
The reaction mediiim is then cooled to 20°C before addi- 
tion of sodium azide (17.9 g; 275 mmol) and acetic acid 
(3 8 ml; 600 mmol) . After stirring at room temperature for 
24 h, the medium is neutralized with NaHC03 (salt) . The 
phase is extracted with ethyl acetate (3 x 500 ml) . The 
organic phases are combined, dried over MgS04 and then 
concentrated under reduced pressure. This gives 51 g of 
crude product 2 immediately treated as follows. 
Characteristics: TLC: cyclohexane/AcOEt : 1/1; R^ = 0.43 

C10H15N3O6M = 273 

Step 2 

Tert-butyldimethylsilyl-3-azido-2 , 3-dideoxy-4 , 6-di-O- 
acetyl-p-D-arabinohexopyranoside 3 and tert-butyldi- 
methylsilyl-3 -azido-2 , 3-didecxy-4 , 6-di-O-acetyl-P-D- 
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ribohexopyranoside 4 

6 g of imidazole (87.8 mmol) and 13.24 g of tert- 
butyldimethylsilyl chloride (87.8 mmol) are added succes- 
sively, under argon, to a solution of the crude mixture 
2 (16.1 g; 58 mmol) obtained in step 1 in anhydrous 
dichloromethane (200 ml) previously cooled to O^C. After 
stirring for 15 min at O^C and 19 h at 20°C, the reaction 
medium is poured into 500 ml H2O. The aqueous phase is 
extracted with CH2CI2 (2 00 ml) and then after drying over 
MgS04, the organic phase is concentrated under reduced 
pressure and the residue (18.7 g) is chromatographed on 
a silica gel (cyclohexane/AcOEt : 9/1). 10.7 g of 3 
(syrup; 48%) and 4.7 g of 4 (syrup; 21%) are thus 
isolated; whereas intermediate fractions contain a 
mixture of 3 and 4 (3.3 g; 15%). 



Characteristics ; 



NMR 3 00 MHz CDCI3 5 
Derivative 3 : 



TLC: cyclohexane/AcOEt : 4/1 
Rf = 0.45 

[a]20 = -10° (c = 1.4; CHCI3) 
MS: m/z 405 (M+NH4) 
CigH29N306SiM =3 87 
Rf = 0.52 

[a]20 = +10° (c = 1; CHCI3) 
MS: m/z 405 (M+NH4)+ 
Ci6H29N306SiM = 387 



0.13 (3H,s, SiCH3); 0.14 (3H, s 
SiCH3); 0.92 (9H, s, tBu) ; 1.72 
(IH, m, J2a-1 - 3.5 Hz, J2a-2e = 
12.5 Hz, J2a-3 = 12.5 Hz, H2a) 
2.05 (3H, s, COCH3); 2.15 (3H, 
s, COCH3); 2.2 5 (IH, ddd, J2e-i 
= 1.5 Hz, J2e-2a = 12 . 5 Hz , J2e-3 
= 4.5 Hz, H2e); 3.55 - 3.62 (2 
H, m, H3 and H5) ; 4.10 (IH, dd, 
Jg^S = 2-5 Hz, H5); 4.20 (IH, 
dd, J6_5 = 6 Hz, J6-6' = 12 Hz, 



Hg.) ; 
H4) ; 



4.86 
4.86 



(IH, t, J = 9.5 Hz, 



(IH, dd. 



'l-2a 



9.5 Hz, CTi.je = Hz, H^) 
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Derivative 4: 0.1 (6H, s, Si(CH3)2); 0.88 {9H, 

s, tBu); 1.64 (IH, ddd, J2a-2e = 
14 Hz, J2a-1 = 8.5 Hz, J2a-3 = 
3.5 Hz, H2a) ; 2.03 (IH, ddd, 
»^2e-2a = 14 Hz, Jje-i = 2 Hz , 
^2e-3 = 4 Hz, H2e) ; 2.05 {3H, s, 
COCH3 ) ; 2.13 ( 3H , s , COCH3 ) ; 
4.05 - 4.12 (IH, m, H5) ; 
4.17 - 4.22 (3H, m, H3, Hg and 
Hg,); 4.89 (IH, dd, J4.5 = 
9.5 Hz, J4.3 = 3.5 Hz, H4); 5.02 
(IH, dd, Ji.2a = 8.5 Hz, Ji-2e = 
2 Hz, Hi) . 

Step 3 

Tert~-butyldimethylsilyl-3 -azido-2 , 3-dideoxy-p-D-arabino- 
hexopyranoside 5 

A solution of 1 M sodixim inethoxide (1.9 ml) is 
added, under argon, to a solution of the derivative 3 
(3 g; 7.7 mmol) obtained in step 2 in anhydrous methanol 
(40 ml) . After reacting for 1 h 30 min at 20°C, the 
reaction medium is adjusted to pH = 7 by addition of H* 
resin (amberlite IRC 50 S) . The reaction mixture is 
filtered and the filtrate concentrated under reduced 
pressure, giving 2.27 g of 5 (97%). 

Characteristics: TLC: cyclohexane/AcOEt : 2/1; Rf = 0.3 6 

ta]gO = -26° (c = 1; CHCI3) 
MS: m/z 304 (M + H)'*'321 (M + ^4)"*' 
m.p. = 70-72OC 
Ci2^25N304SiM = 303 

Step 4 

Tert-butyldimethylsilyl-3 -azido-2,3 ~dideoxy-4 , 6-0- 
ethylidene-P-D-arabinohexopyranoside ( 6 ) 

0.94 ml (6.6 mmol) of acetaldehyde diethyl acetal 
and then 15 mg of para-toluenesulf onic acid (0.08 mmol) 
are added to a solution of 5 (0.20 g; 0.6 mmol) obtained 
in step 3 in 5 ml of acetoni trile . The reaction medium is 
stirred at room temperature for 1 h and then diluted with 
ethyl acetate (20 ml) before washing with a sodium 
hydrogen carbonate solution (pH = 9) (20 ml) and then 
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with water (20 ml) . The organic phase is dried over MgSO^ 
and then concentrated under reduced pressure to give 
0.25 g of crude product. Silica gel purification (cyclo- 
hexane/AcOEt : 95/5) makes it possible to isolate 0.19 g 
of pure 6 (86%) . 

Characteristics: TLC: cyclohexane/AcOEt : 7/3; = 0.89 

[Qf]g° = -19^ (c 1.1, CHCI3) 
MS: m/z 347 (M + NH4)* 
Ci^Hs^NaO^SiM = 329 

C H N 

Calculated 51.04 8.26 12.75 

Found 51.64 8.43 12.51 

Step 5 

Tert -butyldimethylsilyl - 3 -amino-2 , 3 -dideoxy-4 , 6 -O- ethyli- 
dene - )3 - D - arabinohexopyr anoside ( 7 ) 

50 fil of triethylamine and then 0.5 g of 10% 
palladium on carbon are added to a solution of 6 (2 g; 
6 mmol) obtained in step 4 in 3 0 ml of ethyl acetate. The 
reaction medium is placed under a hydrogen atmosphere 
(atmospheric pressure) . After stirring for 6 h at room 
temperature, the catalyst is removed by filtration and 
the organic phase concentrated under reduced pressure to 
give 1.82 g of pure 7 (98%) . 

Characteristics: TLC: cyclohexane/AcOEt : l/l; Rf = 0.23 

= -28<' (c = 1.3; CHCI3) 
MS : m/z 304 (M + H) * 
Ci^HjgNO^SiM = 3 03 

Step 6 

Tert -butyldimethylsilyl -3 -aminobenzyloxycarbonyl -2 , 3 - 
dideoxy-4 , e^-O-ethylidene-^S-D-arabinohexopyranoside (8 ) 

Benzyloxycarbonyl chloride (1.12 ml; 7.8 8 mmol) 
is added, under argon, to a solution, previously cooled 
to 0<>C, of the acetal 7 (1.82 g; 6 mmol) obtained in step 
5 in a mixture of anhydrous dichloromethane (3 0 ml) and 
anhydrous triethylamine (1.27 ml; 9.1 mmol). After 
stirring for 8 h, the reaction medium is poured into 
100 ml HjO and the aqueous phase is extracted with CH2CI2 
(100 ml) . The organic phase is dried over MgS04, concen- 
.trated under reduced pressure and the residue is purified 
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by silica gel chromatography (cyclohexane/AcOEt : 6/1 and 
4/1) so as to isolate 1.9 g of 8 (72%). 

Characteristics: TLC: cyclohexane/AcOEt : 1/1; Rf = 0.64 

[a]g° = -27® (c = 1.14; CHCI3) 
MS: m/z 438 (M + H)* 
m.p. = 102°C 
C22H35 NOgSiM = 437 

C H N 

Calculated 60.38 8.06 3.20 

Found 60.27 8.10 3.29 

Step 7 

4 ' -Benzyloxycarbonylepipodophyllotoxin 3 -aminobenzyloxy- 
carbonyl-2 , 3-dideoxy-4, 6-0-ethylidene-p-D-arabinohexo- 
pyranoside (9) 

5.06 ml of tetrabutylaininonium fluoride (1.1 M 
solution in THF; 5.5 mmol) are added to the sugar 8 
(2.0 g; 4.57 mmol) obtained in step 6 in solution in 
anhydrous dichloromethane (100 ml) . When the complete 
disappearance of 8 is observed by TLC (2 h of stirring) , 
the reaction medium is cooled to -20°C. DMEPT4 ' -OZ 
(2.57 g; 4.8 mmol) and then 8.44 ml of BF3.Et20 
(68.6 mmol) are then added successively. After reacting 
for 1 h at -20°C, the reaction medium is poured into 
200 ml of a saturated NaHC03 solution (addition of NaHC03 
salts) (pH = 9) . The organic phase is dried over MgS04, 
concentrated under reduced pressure and then the crude 
residue (6.2 g) is chromatographed on a silica gel 
(CH2CI2 /Acetone: 98/2 and then 97/3) to give 9 (2.1 g; 
54%) . 

Characteristics: TLC: CH2Cl2/Acetone : 92/8; Rf = 0.61 

[a]l^ = -740 (c = 1.1; CHCI3) 
MS : m/z 857 (M + NH4 ) 
m.p. = I750C 
C45H45NO15M = 839 

C H N 

Calculated 64.36 5.40 1.67 

Found 64.21 5.30 1.58 

Step 8 

30 \il of triethylamine and then 150 mg of 10% 
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palladium on carbon are added to a solution of 9 (0.28 g; 
0.33 nunol) in 20 ml of ethyl acetate. The reaction medium 
is placed under a hydrogen atmosphere (atmospheric 
pressure) . After stirring for 1 h 30 min at room tempera- 
ture, the catalyst is removed by filtration and the 
organic phase concentrated under reduced pressure and 
then chromatographed on a silica gel (CHjClj/MeOH: 97/3 
and then 95/5) to give 172 mg of the pure compound 10 
(90%). (Recrystallization from CH2Cl2/pentane) . 
Characteristics: TLC: CH2Cl2/MeOH: 95/5; = 0.31 

[a]20 = -120O (c = 1.05; CHCI3) 
MS: m/2 594 (M + Na)* 610 (M + K) * 
m.p. = 2190c 
C29H33NO11M = 571 

C H N 

Calculated 60.94 5.82 2.45 

Found 60.45 5.78 2.58 

NMR 300 MHz CDCI3 5 1.36 (3H, d, J = 5Hz, CH3-CH) ; 1.51 
(IH, m. Hj-a); 2.05 (IH, m, Ha-g) ; 2.88 (IH, m, H3); 3.02 
(2H, m, H3. and H4.); 3.28 (IH, m, Jj.^ = 5.2 Hz, H2) ; 3.30 
(IH, m. H5.); 3.57 (IH, t, J = 10 Hz, Hg-^) ; 3.75 (6H, s, 
OCH3); 4.15 (IH, dd, J = 5 Hz, J = 10 Hz, Hg.^) ; 4.41 (IH, 
dd, J = 9 H2, Hii^); 4.21 (IH, t, J = 9 Hz, H^ib) ; 4.59 
(IH, d, J = 5.2 Hz, Hi); 4.75 (IH. q, J = 5 Hz, H7.); 4.85 
(IH, dd, J = 9 Hz, J = 2 Hz, Hi-); 4.94 (IH, d, J = 
3.3 Hz, H4); 5.98 (IH, d, OCH^O) ; 6.00 (IH, d, OCHgO) ; 
6.24 (2H, s, H2 and Hg.); 6.55 (IH, s, Hg) ; 6.75 (IH, s, 
H5) . 

Prepar ation of the hvdrochloride 

A solution of 0.098 M hydrochloric methanol 

(1.09 ml; 0.106 irunol) is added to the amine 10 (61 mg; 

0.10 mmol) in solution in anhydrous dichlorome thane 

(6 ml). The reaction medium is stirred for 10 minutes. 
The expected product is precipitated after addition of 
ether (20 ml). 56 mg (86%) of the hydrochloride of 10 are 
recovered. 

Characteristics: m.p. = 230°C 

C29H32NO11CIM = 606 

Test of solubility: 2.56 mg in 0 . 3 ml 
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of water 

C = 0,014 M 

EXAMPLE 2 

General formula I (NR^Ra = jSNMej; XY = OCH (CH3) OCHj) 
4 ' -Demethyl - 4 - 0 (3 - dimethyl amino- 2 , 3 -dideoxy-4 , 6 - 
ethyl idene-iS-D-arabinohexopyranosyl) epipodophyllotoxin 
(Compound 11) 

Formaldehyde (13.5 /il) and sodium cyanoboro- 
hydride (85 mg) are added successively to a solution of 
10 (0.19 g; 0.33 mmol) in anhydrous dichloromethane 
(15 ml) . After stirring for 45 min at room temperature, 
these same reagents are added and the reaction is con- 
tinued for 45 min. The reaction medium is diluted with 
CH2CI2 (3 0 ml) and washed with water (4 0 ml) . The organic 
phase is dried over MgSO^ and concentrated under reduced 
pressure. The residue is chromatographed on a silica gel 
(CHzClj/MeOH: 97/3) . This gives 101 mg of 11 (51%) . 
Characteristics: TLC: CHjClj/MeOH: 95/5; = 0.4 

[a] 2° = -121° (c = 1; CHCI3) 
MS: m/z 600 (M + H) * 
m.p. = 270°C 
C3iH3,NOiiM = 599 
^HNMR 300 MHz CDC13 6 1.38 (3H, d, J = 5 Hz, CH3-CH) ; 1.55 
(IH, m. Ha.,); 1.96 (IH, m, Hj..) ; 1.96 (IH, m, K^.J: 2.33 
(3H, s, CH3-N) ; 2.91 - 2.82 (IH, m, H3) ; 2.91 - 2.82 (IH, 
m, H3.) ; 3.35 - 3.25 (IH, m, H5.) ; 3.38 (IH, t, J4..S. = 
9 Hz, J4..3. = 9 Hz, H4.) ; 3.58 (IH, t, Jg-a-s- = 10 Hz, Jg-a-s-e 
= 10 Hz, Hg.,) ; 3.75 (3H, s, CH3O) ; 4.16 (IH, dd, Js-^.g. = 
5 Hz, Jg-e-e-a = 10 Hz, Hg-e) ; 4.21 (IH, t, Jj^.j, = 9 Hz, Jj^.j 
= 8 Hz, Hjb) ; 4.42 (IH, dd, J^a-sb = ^ Hz, Jjao = 10.5 Hz, 
H93) ; 4.59 (IH, d, J1.2 = 5.2 Hz, HJ; 4.74 (IH, q, J = 
5 Hz, CH-CH3) ; 4.82 (IH, dd, Jj-.j-a = 9-5 Hz, J^-.j-e = 2 Hz, 
Hi.); 4.95 (IH, d, J4.3 = 3.2 Hz, Hj ; 5.97 (IH, d, OCHftO) ; 
6.00 (IH, d, OCHbO) ; 6.25 (2H, s, Hj andHg.); 6.55 (IH, s, 
Hg) ; 6 .76 (IH, s, Hg) . 
Preparation of the hydrochloride 

A solution of 0.098 M hydrochloric methanol 
(1.72 ml; 0.17 mmol) is added to the amine 11 (101 mg; 
0.17 mmol) in solution in anhydrous dichloromethane 
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(7 ml). The reaction medium is stirred for 10 minutes. 
The expected product is precipitated after addition of 
ether (20 ml) . 86 mg (81%) of the hydrochloride of 11 are 
recovered. 
5 Characteristics: m.p. = 199«>C 

^Sl^saNOiiClM =635 

Test of solubility: 2.5 mg in 0.1 ml 

of water 

C = 0.038 M 

0 EXAMPLE 3 

General formula I: NR1R2 = a-NH2 ; XY = OCH(CH3)OCH2 
4' -Demethyl-4-0- (3-amino~2 , 3-dideoxy-4 , 6-ethylidenep-D- 
ribohexopyranosyl) epipodophyllo toxin (compound 19) 
Step 1 

5 Tert-butyldimethylsilyl-3-azido-2,3-dideoxy-P-D-ribohexo- 
pyranoside (compound 12) 

In a manner similar to step 3 of Example 1, but 
using compound 4, compound 12 is obtained which is used 
directly in step 2. 

1 Step 2 

Tert-butyldimethylsilyl-3-a2ido-2 , 3-dideoxy-4 , 6-0- 
ethylidene-p-D-ribohexopyranoside ( 13 ) 

1.1 ml (8 mmol) of acetaldehyde diethyl acetal 
and then 52 mg of camphorsulf onic acid (0.24 mmol) are 
added to a solution of 12 (0.25 g; 0.8 mmol) obtained in 
step 1 in 10 ml of acetonitrile . The reaction medium is 
stirred at room temperature for 9 h and then diluted with 
ethyl acetate (30 ml) before washing with a solution of 
sodium hydrogen carbonate (pH = 9) and then with water 
(3 0 ml) , The organic phase is dried over MgS04 then 
concentrated under reduced pressure to give 0.3 g of 
crude product. Purification on a silica gel (cyclo- 
hexane/AcOEt: 15/1) makes it possible to isolate 0,15 g 
of pure 13 (55%) . 

Characteristics: TLC: cyclohexane/AcOEt : 4/1; = 0.77 

[a]20 = -35^ (c := 1.1 CHCI3) 
^l4^27^304SiM = 329 

Step 3 

• 4 ' -Benzyloxycarbonylepipodophyllotoxin 3 -az ido-2 , 3 - 



dideoxy-4 , 6-0-ethylidene-)8-D-ribohexopyranoside (compound 
14) 

1st route of synthesis: 

Trimethylsilyl trif luoromethanesulf onate (TMSOTf ) 
(44 6 fil; 2.4 6 mmol) is added to a mixture of DMEPT 4'-OZ 
(438 mg; 0.82 mmol), of 13 (270 mg; 0.82 mmol) obtained 
in step 2 and of molecular sieve 4 A (1.5 g) in anhydrous 
dichloromethane (30 ml) cooled to -40°C. After reacting 
for 1 h 15 min at -40*'C, the reaction medium is 
neutralized with triethylamine (342 /zl) , filtered and 
then washed with a saturated solution of NaCl (20 ml) . 
The organic phase is dried over MgSO^, concentrated under 
reduced pressure and then the crude residue is chromato- 
graphed on a silica gel (cyclohexane/AcOEt : 65/35) to 
give 14 (260 mg; 45%) . 
2nd route of synthesis: 

Boron trifluoride etherate (BFa^EtaO) (425 /il; 
3.4 6 mmol) is added to a mixture of DMEPT 4'OZ (1.85 g; 
3.46 mmol), of 13 (1.20 g; 3.64 mmol) obtained in step 2 
in anhydrous dichloromethane (100 ml) cooled to -15°C. 
After reacting for 2 h at -15«'C, the reaction medium is 
diluted with 100 ml of CH2CI2 and then poured into 200 ml 
of a saturated solution of NaHCOj . The organic phase is 
dried over MgS04, concentrated under reduced pressure and 
then the crude residue (2.9 g) is chromatographed on 
silica gel (cyclohexane/AcOEt : 65/35) to give 14 (1.19 g; 
47%) (recrystallization EtaO/hexane) . 

Characteristics: TLC: cyclohexane/AcOEt : 6/4; = 0.41 

cyclohexane/AcOEt : 65/3; Rf = 0.27 
[a] 2° = -105« (c = 1.05; CHCI3) 
MS: m/z 749 (M + NHJ* 
m.p. = 1.39*»C 
C37H37N3O13M = 731 

Step 4 

Epipodophyllotixin 3 -amino-2 , 3 -dideoxy-4 , 6-O-ethylidene- 
r ibohexopyr anos i de 15 

20 /jlI of triethylamine and then 20 mg of 10% 
palladium on carbon are added to a solution of 14 
(110 mg; 0.15 mmol) obtained in step 3 in a mixture of 
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10 ml of ethanol and 5 ml of ethyl acetate. The reaction 
medium is placed xinder a hydrogen atmosphere (atmospheric 
pressure) . After stirring for 2 h at room temperature, 
the catalyst is removed by filtration and the organic 
phase concentrated under reduced pressure and then 
chroma tographed on a silica gel (CH2Cl2/MeOH: 97/3 and 
then 95/5) to give 63 mg of pure 15 (72%) . 
Characteristics: TLC: CHaCla/MeOH: 95/5; Rf = 0.39 

[a] go = -100° (c = 1.05; CHCI3) 
MS: m/z 572 (M + 1) 589 (M + NH4)* 
m.p. = 217<»C 
C29H33NO11M = 571 
^HNMR 300 MHz CDCI3 5: 1.35 (3H, d, J = 5 Hz, CH3-CH) ; 
1.73 (IH, m, H2.a); 1.90 (IH, m, H2.e) ; 2.83 (IH, m, H3); 
3.22 (IH, dd, J2_i = 5.2 Hz, J2.3 = 14 Hz, H2); 3.42 (IH, 
dd, J4._3. = 9.5 Hz, J4._5. = 3.5 Hz, H4-); 3.74 (6H, s, 
OCH3); 3.49 - 3.60 (2H, m, H3. and Hg.); 3.94 - 4.02 (IH, 
m, H5.); 4.10 - 4.20 {2H, m, Hg. and H^n,) : 4.42 (IH, dd, 
Jlla-3 = 9 Hz, Jiaa_iib = 9.5 Hz, Hn^) ; 4.57 (IH, d, Jj^_2 = 
5.2 Hz, H^); 4.78 (IH, q, J = 5 Hz, H7.); 4.91 (IH, d, 
J4_3 = 3.4 Hz, H4); 5-38 (IH, dd, Ja._2-e = 2 Hz, J^-.z-e^ = 
9 Hz, Hi.); 5.93 (IH, s, OCH^^O) ; 5.97 (IH, s, OCHbO) ; 6.25 
(2H, s, H2. andHg.); 6.51 (IH, s, Hg) ; 6.86 (IH, s, H5) . 
Preparation of the hydrochloride 

890 ^il of a 0.098 M hydrochloric methanol sol- 
ution (0.087 mmol) are added to the amine 15 (50 mg; 
0.087 mmol) obtained in step 4. After stirring for 10 
minutes and addition of ether (10 ml) , the crystals or 
hydrochloride (52 mg, 98%) are obtained by filtration. 
Characteristics: m.p. = 175 °C 

C29H34NO11CIM = 607 

Test of solubility: 2.2 mg in 0.2 ml 
of water 
C = 0.02 M 

EXAMPLE 4 

General formula I: NR^Rj = a-NMe2 ; XY = OCH(CH3)OCH2 

4 ' -Demethyl-4-0 ( 3 -N, N-dimethylamino-2 , 3-dideoxy-4, 6-0- 

ethylidene-P-D-ribohexopyranosyl) epipodophyllotoxin 20 

Formaldehyde (10.3 jil) and sodium cyanoboro- 
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hydride (12 mg) are added successively to a solution of 
15 (29 mg: 0.05 mmol) obtained in step 4 of Example 3 in 
1 ml of acetonitrile. After stirring for 2 h at room 
temperature, the reaction medium is diluted with CH2CI2 
(20 ml) and washed with water (20 ml) . The organic phase 
is dried over MgS04 and concentrated under reduced 
pressure. The residue is again added to the reaction 
under the same conditions and after an. identical treat- 
ment chromatographed on a silica gel (CH2Cl2/MeOH: 97/3) . 
This gives 29 mg of 20 (95%) . 

Characteristics: TLC: CH2Cl2/MeOH: 95/5; Rf = 0 . 5 

[alg° = -85° (c = 1.06; CHCI3) 
MS: m/z 600 (M + H)* 
m.p. = 140®C 
C31H37NO11M = 599 
NMR 300 MHz CDCI3 5: 1.35 (3H, d, J = 5 Hz); 1.55 (IH, 
m, H2-a); 2.20 (IH, m, H2.e) ; 2.36 (3H, s, CH3N) ; 2.62 
(IH, m, 2.62, H3.); 2.85 (IH, m, H3) ; 3.23 (IH, dd, J2^i 
= 5.2 Hz, J2.3 = 14 Hz, H2); 3.52 (IH, dd, J4._3 = 3 Hz, 
J4..3- = 9 Hz, H4.); 3.61 (IH, t, Jg-a-e-e = 10 Hz, Jg-a-S- 
= 10 Hz, Hg-a); 3.75 (3H, s, CH3O) ; 4.22 - 4.02 (IH, m, 
H5.); 4.22 - 4.02 (IH, m, Hg.^) ; 4.22 - 4.02 (IH, m, H^^,) ; 
4.43 (IH, dd, J9a-9b = 9 Hz, J^^,2 = 10.5 Hz, Hgj^) ; 4.62 - 
4.57 (IH, m, J1.2 = 5.2 Hz, H^) ; 4.62 - 4.57 (3H, m, J = 
5 Hz, CH-CH3), 4.88 (IH, d, J4^3 = 3.4 Hz, H4); 5.96 (IH, 
d, OCH^O) ; 5.98 (IH, d, OCHqO) ; 6.25 (2H, s, H2 andHg,) ; 
6.52 (IH, s, Hg); 6.80 (IH, s, H5) . 
Preparation of the hvdrochloride 

A 0-098 M hydrochloric methanol solution, is added 
to the amine 20 (59 mg; 0.1 mmol) in solution in 
anhydrous methanol (2 ml) (1 ml; 0.1 mmol). The reaction 
medium is stirred for 10 minutes. The expected product is 
precipitated after addition of ether (20 ml) . 33 mg (53%) 
of crystals are recovered. 
Characteristics: m.p. = 150°C 

C31H38NO11CIM = 635 

Test of solubility: 2.6 mg in 0.1 ml 
of water 
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EXAMPLE 5 

General formula I: NR3^R2 = a-NHCH2CN; XY = OCH(CH3)OCH2 
4 ' -Demethyl-4-0- (3 -cyanomethylamino-2 , 3-dideoxy-4, 6- 
ethylidene-p-D-ribohexopyranosyl ) epipodophyllotoxin 
(Compound 16) 

200 Jil of triethylamine (1.47 mmol) and then 
100 |ll of iodoacetonitrile (1.47 mmol) are added to a 
solution of 15 (120 mg; 0.21 mmol) obtained in step 4 of 
Example 3 in 4 ml of dime thy 1 formamide . The reaction 
medixim is stirred for 20 h at room temperature and then 
diluted with ethyl acetate (3 0 ml) before washing with 
water (4 x 3 0 ml) . The organic phase is dried over MgS04, 
concentrated under reduced pressure and then chromato- 
graphed on a silica gel {CH2Cl2/acetone : 92/8) to give 
71 mg of pure 16 (55%) . 

Characteristics: TLC: CH2Cl2/MeOH: 95/5; Rf = 0.25 

[a]20 = -86° (c = 0,80; CHCI3) 
MS: m/z 611 (M + H) 628 (M + NH4)'' 
C31H34N2O11M = 610 
NMR 300 MHz CDCI3 5: 1.35 (3H, d, J = 5Hz, CH3CH) ; 1.69 
(IH, m, vJ2-a-l = Hz, *J2"a-2-e = Hz , J2-a-3 = ^ Hz , 

H2-a); 1-93 (IH, m, ^2^^) ; 2.86 (IH, m, H3); 3.25 (IH, dd, 
J2-I = 5.2 Hz, J2.3 = 14 Hz, H2); 3.51 - 3.56 (2H, m, H4. 
and Hg-a) ; 3.56 (2H, m, CH2CN) ; 3.76 (6H, s, OCH3 ) ; 3.88 
(IH, m, H5O; 4.17 (2H, t, Jiia-3 = 8 Hz, Jua-iib = 1° 
H3- and Hilt,); 4.14 (IH, dd, Jea-.e-b = 10 "2, Jg-b-s- = 
5 Hz, H6,.t>) ; 4.41 (IH, dd, Jiia-3 = 9 Hz, Jua-nb = 10 Hz, 
^lla)' 4.60 (IH, d, Ji_2 = 5.3 Hz, H^) ; 4.75 (IH, q, J = 
5 Hz, H7-); 4.90 (IH, d, J4.3 = 3.3 Hz, H4 ) ; 5.17 (IH, dd, 
Jl--2"c = 2 Hz, Ji«.2-a = 9-5 Hz, %«); 5.99 (IH, s, OCH^^O) ; 
6.00 (IH, s, OCHgO) ; 6.25 (2H, s, H2 andHg,); 6.54 (IH, 
s, Hg) ; 6.79 (IH, s, H5) . 
EXAMPLE 6 

General formula I: NR^R2 = a-morpholino ; XY = OCH(CH3)OCH2 
4'-Demethy 1-4-0- (3-N~morpholino-2,3 -dideoxy-4 , 6 - 
e thy 1 i dene- p-D-ribohexopyranosyl ) epipodophy 1 lo toxin 
(Compound 17) 

58 [il of triethylamine (0.42 mmol) and then 
512 mg of diiodoethyl ether (1.57 mmol) are added to a 
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solution of 15 (60 mg; 0.10 mmol) obtained in step 4 of 
Example 3 in 2 ml of dimethyl formamide . The reaction 
medivun is stirred for 96 h at room temperature and in the 
dark and then diluted with ethyl acetate (30 ml) before 
washing with water (4 x. 30 ml) . The organic phase is 
dried over MgS04, concentrated under reduced pressure and 
then chromatographed on a silica gel (CH2CI2 /acetone : 
92/8) to give 46 mg of pure 17 (68%) . 

Characteristics: TLC: CH2CI2 /acetone : 92/8; Rf = 0.31 

lOL]l° = -98° (c = 1.04; CHCI3) 
C33H39NO12M = 641 
NMR 300 MHz CDCI3 5: 1.33 {3H, d, J = 5H2, CH3CH) ; 1.55 
(IH, m, J2-a-l- = 9-5 Hz, J2-a-2-e = 13 Hz, J2-a-3- = 3 Hz , 
H2.a) ; 2.15 (IH, m, H2.e) ; 2.84-2.90 (5H, m, CHjNandHj); 
2.80 (IH, dd, J3._4. = 3Hz, J3._2"a = 3 Hz, J3._2.e = 3 Hz, 
H3.); 3.23 (IH, dd, J2_i = 5.2 Hz, J2.3 = 14 Hz, H2) ; 3.48 
(IH, t, Je-a-S-b = 12 Hz, Jg-a-s- = 12 Hz, H^.J; 3.57 (IH, 
dd» J3--4- = 3Hz, J4._5. = 9 Hz, H4.); 3.66-3.76 (lOH. m, 
OCH3 andOCHj); 4.08-4.16 (2H, m, H5. and Hg.fa) ; 4.20 (IH, 
^' Jlla-3 = 8 Hz, Jiia-iib = 9 Hz, H^^) ; 4.43 (IH, dd, 
Jllb-3 = 9 Hz, Jiib-iia = 9 Hz, Hub); 4.57-4.62 (2H, m, H^ 
and H7.); 4.89 (IH, d, J4_3 = 3.4 Hz, H4) ; 5.20 (IH, dd, 
Jl"-2-e = 2 Hz, Ji._2.a = 9.5 Hz , H^.) ; 5.97 (IH, s, OCH^O) ; 
6.00 (IH, s, OCHbO) ; 6.25 (2H, s, H2. andHg,); 6.54 (IH, 
s, Hg) ; 6.73 (IH, s, H5) . 
EXAMPLE 7 

General formula I: NR1R2 = a-NH2 (CH2 ) 2NH2 ; XY 
OCH(CH3)OCH2 

4 ' -Demethyl-4-0 [3- ( 2 -Aminoethylamino ) -2 , 3-dideoxy-4 , 6- 
ethylidene-p-D-ribohexopyranosyl] epipodophyllotoxin 18 

Triethylamine (127 [il; 0.91 mmol) and N-benzyl- 
oxycarbonyl-2-iodoethylamine (0.28 g; 0.91 mmol) are 
added to a solution of 15 (173 mg; 0.3 0 mmol) obtained in 
step 4 of Example 3 in 10 ml of dimethyl f ormamide . The 
reaction medium is stirred for 5 days at room temperature 
and then diluted with water (3 0 ml) . After extraction 
with ethyl acetate (3 0 ml) , washing with water 
(5 X 20 ml), the organic phase is dried over MgS04, 
concentrated under reduced pressure and then chroma to- 
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graphed on a silica gel (CHaClj/MeOH: 97/3) to giv€ 
155 mg of pure 18 (68%). 

Characteristics: TLC: CHaClj/MeOH: 95/5; Rf = 0.70 

ta]§° = -740 (c = 1.17; CHCI3) 
5 MS: m/z 749 (M + H) * 

C39H44N2O13M = 748 
which is used directly in the following debenzylation 
step: 

Triethylamine (3 0 ^1) and then 10% palladium on 
0 carbon (0.1 g) are added to a solution of 18 (0.15 g; 
0.20 mmol) in a mixture of ethyl acetate and ethanol 
(10 ml, 1/1) . The reaction medium is placed under a 
hydrogen atmosphere (atmospheric pressure) . 

After stirring for 1 h 30 min at room temperature 
5 in the presence of hydrogen at atmospheric pressure, the 
catalyst is removed by filtration and the organic phase 
concentrated under reduced pressure and chromatographed 
on a silica gel (CHjCla/MeOH (NH3 ) : 97/3) to give 107 mg 
(84%) of 19. 

) Characteristics: TLC: CH2Cl2/MeOH(NH3) : 95/5; Rf = 0.22 

[Ot]i° = -770 (c = 1; CHCI3) 
m.p. = 130<»C 
C31H38NO11M = 614 
NMR 300 MHz CDCI35: 1.33 (3H, d, J = 5 Hz); 1.55 (IH, 
m, H2.a); 2.15 (IH, m, H2.e) ; 2.33 (3H, m, NH2 and NH, 
exchangeable); 2.84-2.90 (5H, m, CH2-N and H3) ; 3.20 (IH, 
dd, J3„_4. = 3 Hz, J3._2.a = 3 Hz, J3._2.e = 3 Hz, H3 . ) ; 3.23 
(IH, dd, H2); 3.48 (IH, t, Jg.^.g-b = 12 Hz, Jg-^.g, = 
12 Hz, Hg.^) ; 3.57 (IH, dd, J^..^. = 3 Hz, J^._^. = 9 Hz, 
H4.); 3.75 (6H, s, OCH3); 4.08-4.16 (2H, m, Hg. and Hg-i,) ; 
4.20 (IH, t, Jiib_3 = 8, Jiib.iia = 9 Hz, H^^^) ; 4.43 (IH, 
Jlla-3 = 9 Hz, Jiia-iib = 9 Hz , Hii^); 4.57-4.62 (2H, m. 
Hi and H7.); 4.89 (IH, d, J4.3 = 3.4 Hz, H4); 5.20 (IH, 
dd, Ji._2.e = 2Hz, Ji._2.a = 9.5 Hz, H^.); 5.97 and 6.00 
(2H, d, OCH2O); 6.25 (2H, s, H2. and Hg,); 6.54 (IH, s, 
Hq) ; 6.73 (IH, s, H5) . 
Preparation o f the hydrochloride 

A 0.098 M hydrochloric methanol solution 
- (2.13 ml; 0.21 mmol) is added to the diamine 19 (64 mg; 
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0.10 mmol) in solution in anhydrous methanol (3 ml). The 
reaction medium is stirred for 10 minutes. The expected 
product is precipitated after addition of ether (20 ml). 
50 mg (73%) of the hydrochloride are recovered. 
Characteristics: m.p. = 170°C 

C31H39N2O11CI2M = 649 

Test of solubility: 2.0 mg in 0.05 ml 
of water 
C = 0.06 M 

EXAMPLE 8 

General formula I: NR3^R2 = a-NH2; X = OH; Y = CH3 
4 ' -Demethyl-4-0 (3-amino-2, 3 , 6- trideoxyp-D-ribohexo- 
pyranosyl ) epipodophyllotoxin (compound 26) 
Step 1 

Tert-butyldimethylsilyl-3-azido-2, 3-dideoxy-6-0-tosyl-P- 
D-ribohexopyranoside 21 

A solution of tosyl chloride (1.55 g; 8.15 mmol) 
in pyridine (10 ml) is added dropwise to a solution of 
the diol 12 (2.06 g; 6.79 mmol) obtained in step 1 of 
Example 3 previously cooled to O^C. After stirring at the 
same temperature for 1 h and then for 18 h at 2Q^C, the 
reaction medium is diluted with dichloromethane (100 ml) . 
The organic phase is washed with water (2 x 100 ml), 
dried over MgS04 concentrated under reduced pressure. 

The residue is purified on a silica gel (cyclohexane/- 
EtOAc: 8/2). This gives 2.02 g of 21 (65%). 
Characteristics: TLC: cyclohexane/AcOEt : 2/1; = 0.46 

MS: m/z 475 (M + H) 

Ci9H3iN306SSiM = 457 

Step 2 

Tert-butyldimethylsilyl-3-azido-6-iodo-2, 3 , 6- trideoxy-P- 
D-ribohexopyranoside 22 

The compound 21 (2.02 g; 4.42 mmol) obtained in 
step 1 in solution in 120 ml of acetone is heated under 
reflux for 72 h in the presence of sodium iodide (2.65 g; 
17.68 mmol). After cooling, the reaction medium is 
concentrated under reduced pressure (30 ml) and then 
diluted with dichloromethane (100 ml) . After washing with 
a 10% aqueous solution of sodium thiosulfate and then 
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drying over MgS04 and evaporating under reduced pressure, 
a residue is obtained which is purified on silica (cyclo- 
hexane/EtOAc: 8/2) giving 1.5 g (82%) of 22. 
Characteristics: [a]g° =-3 0° (c = 1.06, CHCI3) 

MS: m/z 431 (M + NH4)* 
Cl2^24N303lSiM = 413 

C H N 

Calculated 34.87 5.81 10.17 

Found 35.07 5.76 10.25 

Step 3 

Tert-butyldimethylsilyl-3-azido-6-iodo-4-0-chloroacetyl~ 
2,3, 6-trideoxy-p-D-ribohexopyranoside (compound 23) 

Chloroacetyl chloride (396 ml; 5 nunol) is added 
to a solution of 22 (1.03 g; 2.5 mmol) obtained in the 
preceding step in a mixture of dichloromethane (20 ml) 
and pyridine (404 5 mmol) . After stirring for 1 h at 

-lO^C, the reaction medium is diluted with CH2CI2 (30 ml) 
and washed with water (3 x 20 ml) . A customary treatment, 
followed by chromatography on silica (cyclohexane/EtOAc : 
10/1) gives 1.1 g (90%) of compound 23. 
Characteristics: [a]^° = -14^ (c = 1.03, CHCI3) 

MS: m/z 507 (M + NH4)* 
Ci4H25N304ClISiM = 489 
C H N 

Calculated 34.35 5.11 8.59 

Found 34.69 5.16 8.22 

Step 4 

4 ' ~Demethyl-4-0 (3 -azido-6-iodo-2 , 3 , 6- trideoxy-P-D-ribo- 
hexopyranosyl) epipodophyllotoxin (compound 24) 

Boron trifluoride etherate (BF3.Et20) (455 |ll; 
3.7 mmol) is added to a mixture of DMEPT 4 ' -OZ (1 g; 
1-85 mmol), of 23 (1 g; 2.04 mmol) from the preceding 
step in anhydrous dichloromethane (100 ml) cooled to 
-150c. After reacting for 5 h (-15^C ^ O^C) , the reaction 
medium is diluted with CH2CI2 (100 ml) and then poured 
into a saturated NaHC03 solution (200 ml) . The organic 
phase is dried over MgS04, concentrated under reduced 
pressure. The crude residue is chromatographed on a 
silica gel (cyclohexane/AcOEt : 7/3) to give 24 (0.8 g; 
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48%) . 

Characteristics: TLC: cyclohexane/AcOEt : 1/1; = 0.58 

[a]g° = -85° (c = 1.26; CHCI3) 
MS: m/z 909 (M + NH4)* 
m.p. = 143^0 
C37H35N3O13CIIM = 891 

Step 5 

4 ' -Demethyl-4-O {3-Azido-6-iodo-2 , 3 , 6- trideoxy-P-D-ribo- 
hexopyranosyl) 4 ' -benzyloxycarbonylepipodophyllotoxin 
(compound 25) 

OH" resin (Amberlite IRA 410) is added to a 
solution of the azidoglycoside 24 (257 mg; 0.29 nunol) in 
a CH2Cl2/MeOH mixture (15 ml, 2/1). After reacting for 
3 h at 20^C, the reaction medium is filtered and. then 
concentrated under reduced pressure to give 0.22 g of 
pure 25 (94%) . 

Characteristics: TLC: cyclohexane/AcOEt : 1/1; Rf = 0.46 

[a]g° = -570 (c = 1.02; CHCI3) 
MS: m/z 833 (M + NH4)* 
m.p. = IIS^C 
C35H34N3O12IM = 815 

Step 6 

4 ' -Demethyl-4-0 (3-amino-2 , 3 , 6 ~ t r ideoxy-P-D-ribohexo- 
pyranosyl) epipodophyllotoxin (compound 26) 

Triethylamine (ICQ ^il) and then 10% palladium on 
carbon (0.2 g) are added to a solution of 25 (0.20 g; 
0.25 mmol) from the preceding step in 10 ml of ethyl 
acetate. After stirring for 30 h at room temperature in 
the presence of hydrogen at atmospheric pressure, the 
catalyst is removed by filtration and the organic phase 
concentrated under reduced pressure and then chromato- 
graphed on a silica gel (CH2Cl2/MeOH: 92/8) to give 50 mg 
(38%) of 26. 

Characteristics: TLC: CH2Cl2/MeOH: 90/10; Rf = 0.33 

(a]§° = -90° (c = 0.5; CHCI3) 
MS: m/z 530 (M + H)"*" 
m.p. = 140°C 
C27H31NO10M = 529 
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Preparation of the hydrochloride 

A 0.098 M hydrochloric methanol solution 
(1.44 ml; 0.14 mmol) is added to the preceding amine 26 
(70 mg; 0.14 mmol) in solution in anhydrous methanol 
(6 ml). The reaction medium is stirred for 10 minutes. 
The expected product is precipitated after addition of 
ether (20 ml). 40 mg (53%) of the crystallized 
hydrochloride are recovered. 
Characteristics: m.p. = 164°C 

C27H32NO10CIM = 565 

Test of solubility: 2.6 mg in 0.2 ml 
of water 
C = 0-02 M 

EXAMPLE 9 

General formula I: NR3^R2 = a-NH2; X = OH; Y = CH2NH2 

4 ' -Demethyl-4-0- (3, 6-diamino-2 , 3 , 6-trideoxy-p-D-ribohexo- 

pyranosyDepipodophyllotixin (compound 29) 

Step 1 

4 ' -Demethyl-4 ' -benzyloxycarbonyl-4 -0 (3 , 6-dia2ido-4- 
a2idoacetyl-2 , 3 , 6-trideoxy-P-D-ribohexopyranosyl) epipodo- 
phyllotoxin (compound 27) 

Sodium azide (0.1 g; 1.5 mmol) is added to a 
solution of 24 (0.45 g; 0.51 mmol) obtained in step 4 of 
Example 8 in 10 ml of dimethylf ormamide . The reaction 
medium is stirred for 64 h at room temperature, diluted 
with water (30 ml) and ethyl acetate (30 ml) . The organic 
phase is washed with water (4 x 2 0 ml) , dried over MgS04, 
concentrated under reduced pressure and chromatographed 
on silica gel (cyclohexane/AcOEt : 7/3) to give 0.36 g of 
27 (90%) . 

Characteristics: TLC: cyclohexane/AcOEt : 6/4; = 0.44 

[a]§° = -64° (c = 1; CHCI3) 
MS: m/z 831 (M + NH^)^ 
m.p. = 120°C 
C37H35N5O13M = 813 

Step 2 

4 ' -Demethyl-4 ' -benzyl oxycarbonyl -4-0 (3 , 6-diazido-2 ,3,6- 
tr ideoxy- P-D-ribohexopyranosyl ) epipodophyl lotoxin 
(compound 28) 



OH" resin (Amberlite IRA 410) is added to a 
solution of the azidoglycoside 27 (70 mg; 0.08 nmol) in 
3 ml of a CH2Cl2/MeOH mixture (2/1, v/v) . After reacting 
for 5 h at 20^'C, the reaction medium is filtered and then 
concentrated under reduced pressure to give 59 mg of pure 
28 (94%). 

Characteristics: TLC: cyclohexane/AcOEt : 6/4; Rf = 0^25 

[a]g° = -53° (c = 1.04; CHCI3) 
m.p. = 125^0 
C35H34NgOi2lM = 730 

Step 3 

4 ' -Demethyl-4-0 (3, 6-diamino-2 , 3 , 6- trideoxy~p-D-ribohexo- 
pyranosyl) epipodophyllotoxin (compound 29) 

Triethylamine (20 ^il) and then 10% palladium on 
carbon (70 mg) are added to a solution of 28 (0.11 g; 
0.15 mmol) from the preceding step, in a mixture of ethyl 
acetate and ethanol (10 ml, 1/1) . After stirring for 16 h 
at room temperature in the presence of hydrogen at 
atmospheric pressure, the catalyst is removed by fil- 
tration and the organic phase concentrated under reduced 
pressure to give 78 mg (95%) of 29. 

Characteristics: TLC: CHj C 1 2 / MeOH ( NH3 ) : 90/10; 

Rf = 0.06 
C27H32N2O10M = 544 
Preparation of the dihvdrochloride 

A 0.098 M hydrochloric methanol solution 
(2.92 ml; 0.2 8 mmol) is added to the preceding diamine 29 
(7 8 mg; 0.14 mmol) in solution in anhydrous methanol 
(2 ml). The reaction medium is stirred for 10 minutes. 
The expected product is precipitated after addition of 
ether (20 ml) . 70 mg (79%) of crystallized dihydro- 
chloride are recovered. 
Characteristics: m.p. = 95*^C 

C27H34N2O10CI2M = 616 

Test of solubility: 2.1 mg in 0.05 ml 
of water 
C = 0.07 M 
Biological experiment 
The molecules were tested using a biological 



experiment and showed their usefulness as anticancer 
agent in tests for leukemia P 388 in vivo in mice. This 
test is commonly used in the field of research on 
anticancer substances (Protocols for screening chemical 
agents and natural products against animal tumors and 
other biological systems, R. Geran, N.H. Greenberg, 
M.M. MacDonald, A.M. Schumacher and B.J. Abbott, Cancer 
Chemotherapy reports 1972, 3, No. 2). 

However, this experimental model is extremely 
chemosensitive and a very large number of compounds 
manifest good activity, which makes this test poorly 
discriminatory . 

We modified the test protocol to make it more 
selective. The tumor cells are administered by the 
intravenous route and not by the intraperitoneal route. 
They are thus rapidly distributed by the circulation in 
the whole body. The test product is then administered by 
the intraperitoneal route. Two parameters are defined in 
order to demonstrate the activity of the compounds: 

determination of the median effective dose (ED5Q) 
which represents the minimum single dose of the 
compound to be administered in order to obtain a 
significant survival of the animals compared with 
the untreated control animals; 
• determination of the maximum survival time of the 
animals regardless of the dose administered by a 
single injection. Being able to administer a large 
dose of the compound and to observe a high survival 
makes it possible to obtain a measurement of the 
maximum therapeutic efficacy of the product which 
can be achieved. 

Origin of the tumor 
The leukemia P 3 88 v/as chemically induced in 1955 
with 3-methylcholanthrene in a DBA/2 mouse (Am. J. 
Pathol. 33, 603, 1957) . 

Pharmacological procedure 
The tumors are maintained by weekly passages in 
asecitic form in the peritonum of a DBA/2 mouse (original 
line) and the experiments are carried out on CDF^^ hybrid 
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female mice (bal b/c females XDBA/2 males) of 20 ± 2 g 
(Cancer chemother. Rep. 3, 9, 1972). The tumor cells are 
implanted by the intravenous route (106 cells per mouse) 
on day 0. The animals are randomized and distributed in 
groups of 2 for each series. 

The antitumor substances are administered intra- 
peritoneally (ip) one day after the inoculation of the 
leukemic cells (acute treatment) . The solutions are 
injected in an amount of 10 ml /kg of mouse. The criterion 
for evaluation of the antitumor activity is the extension 
of the survival of the treated animals. 86% of the mice 
die on the 7th day after the t.umor transplant- A sub- 
stance will be considered to be active if it induces a 
survival greater than 8 days. 

The following table makes it possible to show the 
aqueous solubility of the products of the invention, 
expressed in mg/ml, the activity of these compounds in 
terms of ED5Q, the suirvival expressed in days or in 
T/C %, which represents the ratio of the mean survival of 
the group of treated animals to the mean survival of the 
group of control animals. 





Aqueous 
solubility 
mg/ml 


P 388 
ED50 (mg/kg) 


Maximum 
survival (D) 


T/C % 


Control animals with 
iv administration of 
the tumor cells 






6-8 
(median 7) 




Compounds 
Etoposide 


0.01 


10 


19 


271 


Teniposide 


< 0.01 


20 


15 


214 


15 


13 


10 


21 


300 


11 


25 


10 


17 


242 


10 


7 


10 


14 


200 


20 


25 


20 


18 


257 



It thus appears that the compounds of the inven- 
tion retained the level of activity of the reference 
compounds such as Etoposide and have, in addition, the 
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advantage of having an advantageous aqueous solubility 
for formulation and administration. 
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in which the group in 3" N (R^ R2) is in the P-position 
(2-deoxy D Arabino series) or a-position (2-deoxy D ribo 
series) in relation to the ring, R^^ and R2 which are 
identical or different, represent a hydrogen atom, a 
to Cg alkyl group, capable of forming a ring, it being 
possible for this ring to contain a heteroatom such as 
oxygen or nitrogen, a to Cg aminoalkyl group or a 

cyanomethyl group, 

X and Y may be identical or different and represent OH, 
CH3, CH2-NH2, X and Y may also be linked and may con- 
stitute a ring, such as for example a 2-methyl-l , 3- 
dioxane, thus forming a bicyclic glycoside backbone of 
the 4, 6-ethylidene-3-amino-2 , 3-dideoxyglycoside type, and 
its addition salts with pharmaceutically acceptable 
inorganic or organic acids. 

2 . A compound of general formula I according to 

Claim 1, characterized in that the group NR3^R2 is an NH2 
or N{CH3)2 group. 

3 - A compound of general formula I according to 

Claim 1, characterized in that the group NRj^R2 represents 
an amino group substituted once or twice with a methyl, 
CH2CN or a CH2-CH2-NH2. 

4. A compound of the general formula I of Claims 1 

to 3, characterized in that X and Y form a ring with a 
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linkage OCH (CH3 ) OCH2 • 

A compound of general formula I according to one 

of Claims 1 to 4, characterized in that it is chosen from 

the following compounds: 

4 ' -demethyl-4-0 (3-amino-4 , 6-ethylidene-2 , 3-dideoxy- 
p-D-arabinohexopyranosyl ) epipodophyllo toxin, 
4 ' -demethyl-4-0 (3-amino-4 , 6-ethylidene-2 , 3-dideoxy- 
P-D-ribohexopyranosyl ) epipodophyllotoxin, 
4 ' -demethyl-4-0 (3-dimethylamino-4 , 6-ethylidene-2 , 3- 
dideoxy-P-D-arabinohexopyranosyl ) epipodophyllo toxin, 
4 ' -demethyl-4-0 {3-dimethylamino-4 , 6-ethylidene-2 , 3- 
dideoxy-p~D-ribohexopyranosyl)epipodophyllotoxin, 
4 ' -demethyl-4-0 (3 -cyanomethylamino-4 , 6-ethylidene- 
2 , 3-dideoxy-P-D-ribohexopyranosyl) epipodophyllo- 
toxin, 

4 ' -demethyl-4-0 (3- (N-morpholino) -4 , 6-ethylidene-2 , 3- 
dideoxy-P-D-ribohexopyranosyl ) epipodophyllo toxin, 
4 ' -demethyl-4-0 [3 (2-aminoethylamino) -4, 6-ethylidene- 
2 , 3 -dideoxy-P-D-ribohexopyranosyl ) ] epipodophyllo- 
toxin, 

4 ' -demethyl-4-0 (3-amino-2 , 3 , 6- trideoxy-p-D-ribohexo- 
pyranosyl ) epipodophyllotoxin , 

4 ' -demethyl-4-0 (3, 6-diamino-2 , 3 , 6 - trideoxy-p-D- 

ribohexopyranosyl ) epipodophyllotoxin . 
6- Compounds according to Claim 4, characterized in 

that they are provided in the form of hydrochlorides. 
7 . Method of preparing a compound of general formula 

I according to Claims 1 to 4, characterized in that a 
compound of formula III or IV or V 



is reacted with 4 ' -Demethyl-4 ' -benzyloxycarbonylepipodo- 
phyllotoxin with BF3 etherate, or trimethylsilyl tri- 
f luoromethanesulforate in an inert solvent at low 
temperature; 




in formula III and IV, the substituent at the 
3 -position may be a or NR3^R2 may be an amino protected 
with a group Z, 

in formula V, P represents an alcohol-protecting 
group and the resulting products of this condensation are 
deprotected and hydrogenated to give the compounds of 
formula I, 

the primary amines in the 3 -position of the glycosyl are 
methylated with formalin and sodium cyanoborohydride . 
8 . Method of preparing a compound of formula IV, 

characterized in that a mixture of diacetoxyazido- 
glycoside VI 



AcO 




VI 



with tert-butyldimethylsilyl chloride in the presence of 
imidazole, in that the products resulting from this 
reaction are separated, in that each of these products 
are deacetylated, cyclized to 4 , 6-ethylidene with the 
acetal of acetaldehyde in a catalytic acid medium. 

9. As a drug, the compounds of formula I according 
to Claims 1 to 6 . 

10. The pharmaceutical compositions characterized in 
that they contain at least one compound of formula I 
according to one of Claims 1 to 6 and an appropriate 
excipient. 

11. Use of a compound of formula I, according to one 
of Claims 1 to 4 , for the preparation of a drug for 
anticancer treatment and, in particular, for treating the. 
forms of cancer such as, for example, small cell lung 
cancer, cancer of the testicles, embryonic tumors, 
neuroblastomas, cancer of the kidney, placental chorio- 
carcinomas, mammary adenocarcinomas, colorectal cancers, 
melanomas, Hodgkin's and non-Hodgkin' s lymphomas, and 
acute leukemias . 
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4.10 (IH, dd, Jg.s = 2.5 Hz, Hs), 
4.20 (IH, dd, Jg.s = 6 Hz, J^.g, = 
12 Hz, Hg.); 4.86 (IH, t, J = 
9.5 Hz, HJ; 4.86 (IH, dd, J^.^. 

- 9.5 Hz, Ji.j, = 1.5 Hz, Hi). 
Derivative 4: 0.1 (6H, s, Si(CH3)3); 0.88 (9H, s, 

tBu) ; 1.64 (IH, ddd, J^..^, = 
14 Hz, = 8.5 Hz, = 

3.5 Hz, Ha.); 2.03 (IH, ddd, 
Jae-a. " 14 Hz, Jj^.j = 2 Hz, J^^,^ 
= 4 Hz, Hae) ; 2.05 (3H, s, 
COCH3)/ 2.13 (3H, s, COCH3); 
4.05 - 4.12 (IH, m, Hj) ; 
4.17 - 4.22 (3H, m, H3, and 
Hfi,); 4.89 (IH, dd, J^.^ = 
9.5 Hz, = 3.5 Hz, HJ ; 5.02 

(IH, dd, = 8.5 Hz, J^.^. = 

2 Hz, HJ . 

Step 3 

Tert-butyldimethylsilyl-3-azido-2,3-dideoxy-i8-D-arabino- 
hexopyranoside 5 

A solution of 1 M sodium methoxide (1.9 ml) is 
added, under argon, to a solution of the derivative 3 
(3 g; 7.7 mmol) obtained in step 2 in anhydrous methanol 
(40 ml) . After reacting for 1 h 30 min at 20«'C, the 
reaction medium is adjusted to pH = 7 by addition of H* 
reside (Amberlite™ IRC 50 S) . The reaction mixture is 
filtered and the filtrate concentrated under reduced 
pressure, giving 2.27 g of 5 (97%). 

Characteristics: TLC: cyclohexane/AcOEt : 2/1; = 0.36 

[a]l° = -26° (c = 1; CHCI3) 
MS: m/z 304 (M + H) *321 (M + NH^) * 
m.p. = 70-72°C 
Ci2H25N304SiM = 303 

Step 4 

Tert-butyldimethylsilyl -3-a2ido-2 , 3 -dideoxy-4 ,6-0- 
ethylidene-^-D-arabinohexopyranoside (6 ) 

0.94 ml (6.6 mmol) of acetaldehyde diethyl acetal 
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step 4 

Tert-butyldimethylsilyl-3-azido-2 , 3'-dideoxy-4 , 6-0- 
ethylidene-P-D-arabinohexopyranoside (6) 

0.94 ml (6.6 mmol) of acetaldehyde diethyl acetal 
and then 15 mg of para-toluenesulf onic acid (0.08 mmol) 
are added to a solution of 5 (0.20 g; 0.6 mmol) obtained 
in step 3 in 5 ml of acetonitrile . The reaction medium is 
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Characteristics: [a]§° = -14° (c = 1.03, CHCI3) 









MS: m/z 507 (M + 


NH4)* 








Ci4H25N304ClISiM = 


489 








C 


H 


Calculated 


34 


.35 


5.11 


8.59 


Found 


34 


.69 


5.16 


8.22 



Step 4 

4 ' -Demethyl-4-0(3-azido-6-iodo-2, 3, 6-trideoxy-J3-D-ribo- 
hexopyranosyl) epipodophyllotoxin (compound 24) 

Boron trifluoride etherate (BF3.Et20) (455 
3.7 mmol) is added to a mixture of DMEPT 4 ' -OZ (1 g; 
1.85 mmol)^ of 23 (1 g; 2.04 mmol) from the preceding 
step in anhydrous dichloromethane (100 ml) cooled to 
-IS^C. After reacting for 5 h (-15°C->OOC), the reaction 
medium is diluted with CH2CI2 (100 ml) and then poured 
into a saturated NaHC03 solution (200 ml) . The organic 
phase is dried over MgS04, concentrated under reduced 
pressure. The crude residue is chromatographed on silica 
gel (cyclohexane/AcOEt : 7/3) to give 24 (0.8 g; 48%). 
Characteristics: TLC: cyclohexane/AcOEt : 1/1; Rf = 0.58 

[Ct]g° = -85^ (c = 1.26; CHCI3) 
MS: m/z 909 (M + NH4)* 
m.p. = 143<^C 
C37H35N3O13CIIM = 891 

Step 5 

4 ' -Demethyl-4-O (3 -azido-6-iodo-2 , 3 , 6- trideoxy-P-D-ribo- 
hexopyranosyl ) 4 ' -benzyloxycarbonylepipodophyllotoxin 
(compound 25) 

OH" resin (Amberlite™ IRA 410) is added to a 
solution of the azidoglycoside 24 (257 mg; 0.29 mmol) in 
a CH2Cl2/MeOH mixture (15 ml, 2/1) . After reacting for 
3 h at 20°C, the reaction medium is filtered and then 
concentrated under reduced pressure to give 0.22 g of 
pure 25 (94%) . 

Characteristics: TLC: cyclohexane/AcOEt : 1/1; Rf = 0.46 

[a]g° = -570 (c = 1.02; CHCI3) 
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Step 1 

4' -Demethyl-4 '-ben2yloxycarbonyl-4-0 (3, 6-diazido-4- 
azidoacetyl-2, 3 , 6-trideoxy-p-D-ribohexopyranosyl) epipodo- 
phyllotoxin (compound 27) 

Sodixiin azide (0.1 g; 1.5 nunol) is added to a 
solution of 24 (0.45 g; 0.51 mmol) obtained in step 4 of 
Example 8 in 10 ml of dimethyl formamide . The reaction 
medium is stirred for 64 h at room temperature, diluted 
with water (3 0 ml) and ethyl acetate (30 ml) . The organic 
phase is washed with water (4 x 20 ml), dried over MgS04, 
concentrated under reduced pressure and chromatographed 
on a silica gel (cyclohexane/AcOEt : 7/3) to give 0.3 6 g 
of 27 (90%) . 

Characteristics: TLC: cyclohexane/AcOEt : 6/4; Rf =0.44 

[a] 20 = -64° (c = 1; CHCI3) 
MS: m/z 831 (M + NH4)'^ 
m.p. = 120<=>C 
C37H35N9O13M = 813 

Step 2 

4 '-Demethyl-4 ' -benzyloxycarbonyl-4-0 ( 3 , 6-diazido-2 , 3 , 6- 
trideoxy-P-D-ribohexopyranosyl ) epipodophyllotoxin 
(compound 28) 

OH" resin (Amberlite™ IRA 410) is added to a 
solution of the azidoglycoside 27 (70 mg; 0.08 mmol) in 
3 ml of a CH2C12/MeOH mixture (2/1, v/v) . After reacting 
for 5 h at 20<'C, the reaction medium is filtered and then 
concentrated under reduced pressure to give 59 mg of pure 
28 (94%) . , 

Characteristics: TLC: cyclohexane/AcOEt : 6/4; Rf = 0.25 

[a] go = -53° (c =. 1.04; CHCI3) 
m.p. = 1250c 
C35H34N6O12IM = 730 

Step 3 

4 ' -Demethyl-4-0 (3 , 6-diamino-2 , 3 , 6- trideoxy-p-D-ribohexo- 
pyranosyl ) epipodophyllotoxin (compound 29) 

Triethylamine (20 ^il) and then 10% palladium on 
carbon (70 mg) are added to a solution of 28 (0.11 g; 
0.15 mmol) from the preceding step, in a mixture of ethyl 
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is reacted with 4 ' -Demethyl-4 ' -benzyloxycarbonylepipodo- 
phyllotoxin with. BF3 etherate, or trimethylsilyl tri- 
fluoromethanesulforate in an inert solvent at low 
temperature ; 

in formula III and IV, the substituent at the 
3 -position may be a or p, NR1R2 may be an amino protected 
with a group Z, 

in formula V, P represents an alcohol-protecting 
group and the resulting products of this condensation are 
deprotected and hydrogenated to give the compounds of 
formula I, 

the primary amines in the 3 -position of the glycosyl are 
methylated with formalin and sodium cyanoborohydride . 

8. Method of preparing a compound of formula I 

according to Claim 7, characterized in that the compound 
of formula IV is prepared by reacting a diacetoxyazido- 
glycoside VI, 



AcO 




with tert-butyldimethylsilyl chloride in the presence of 
imidazole, in that the products resulting from this 
reaction are separated, in that each of these products 
are deacetylated, cyclized to 4 , 6-ethylidene with the 
acetal of acetaldehyde in a catalytic acid medium, 
9. As a drug, the compounds of formula I according 

to Claims 1 to 6 . 
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10. The pharmaceutical compositions characterized in 

that they contain at least one compound of formula I 
according to one of Claims 1 to 6 and an appropriate 
excipient . 

5 11. Use of a compound of formula I, according to one 

of Claims 1 to 4, for the preparation of a drug for 
treating cancer and, in particular, for treating forms of 
cancer such as, for example, small cell lung cancer, 
cancer of the testicles, embryonic tumors, neuro- 
10 blastemas, cancer of the kidney, placental choriocar- 
cinomas, mammary adenocarcinomas, colorectal cancers, 

ft 

melanomas, Hodgkin's and non-Hodgkin' s lymphomas, and 
acute leukemias* 
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